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ABSTBiCT 

The document is divided according to the four 
different kinds of sheets presented. The first section contains 
assignment sheets on 28 machine shop topics and suppleientary 
transparencies. Included in the information presented is the title of 
the sheetr the unit and occupation to vhich it applies, the 
objective, reference for information, directions, and a list of 
guestions. The second section contains sheets on related information, 
usually dealing with tools or procedures fbr their use* Twentyfive 
topics are covered with title, unit, occubation, objective, 
references r an introduction, and informal tlon specified for each 
sheet. Operation sheets are in section 3; seven operations are 
included specifying title, unit, occupation, objective^ introductionr 
reference, and procedure for each« The ^inal section contains job 
sheets for 25 tools used in machine sho^. In this 84^tion, the title, 
unit, occupation, objective, information, specifications, materials, 
tools and equipment, and procedures are /outlined. A cross-index is 
provided, keyed to the job sheets, for zjelating the job, assignment, 
operation, and information sheets to eadh other. (AG) 
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TITLE: SHOP SAFETY 

unit: SAPETV gjj^ ^„ ^^^^^^ 

OCCUPATION: MACHINIST 

OBJECTIVE: To familiarize the student with conunon safety 
practices in the shop. 

REFERENCE: Anderson - Tatro* Shop Theory New York; McGraw- 
Hill Book Co., Inc. Chapter 1, page 1-22 

DIRECTIONS: Read the above reference and answer the following 
questions : 

QUESTIONS: 

!• What is a safe dress for a machinist? 

2. How should a long steel bar of stock be carried in 
the shop? 

3. What is tho safe way to lift a heavy object? 

4. What is meant by good houskeeping in a machine shop? 

5. Why is it dangerious to run a machine on vhich the 
guards have beon removed? 

6. What causes the greatest number of accidents to 
workers on the bench? 

7. V7hat are the rules that govern- the safe use of wrenches? 

8. What rules govern the practice of safe hacksawing? 

9. How should work be held for drilling on the drill 
press? 

10. What rules govern the safe operation of drill press? 

11. What point of safety does the machinist stress when 
he says, "Never let go of the chuck key"? 

12. How should ir,illii)g cutters be handled? 

13. liist five (5) of the most important rules to follow 

that will cxssuro the safe operation of a milling machine? 

14. Vlhy is it importnnt th^U: the operator of the shaping 

3 5. List seven of the most im»portant rules that govern the 
safe use of a grxnc3inc7 machine? 
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TXTUB: 

OCCUPATION: 
OBJECTIVE: 

REFERENCE: 

DIRECTIONS: 

QUESTIONS: 
1* 

2. 
3^ 
4. 

5. 
6. 
7. 
8. 
9. 
10, 

11. 
12. 
13. 
14. 
15, 



HAND TOOLS 

BENCHWORK 

MACHINIST 



To Familiarize the student with the common hand tools 
and their correct use. 

Anderson - Tatro. Shop Theory . New York: McGraw- 
Hill Book Co.r Inc. Chapter 2, pages 23-53. 

Read the above reference and answer the following 
questions. 7^ » 



Describe and give the use of the most common types 
of hammers used by a machinst. 

What ase the principal parts of a hammer head? 

What is a drift punch and how is it used? 

What type of punch is used to drive out dowel pins, 
rivets and cotter pins? 

How does a prick punch differ from a center punch? 

What is the point angle of a center punch? 

What^tool is used to mark lines on metal? 

List the common types of screw drivers. 

How should the blade of a worn screw driver be ground? 

Describe the following spanner wrenches, 
(a/ Pinhook. (b) Pin-faced. (c) Hook. 

What type of wrench is used on socket head set screws? 

What is the point angle of a flat cold chisel? 

List and describe the four common types •df cold chisels. 

Explain how to heat - treat a chisel. 

Why must goggles be worn when chipping? 



TITIiE; 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

REFERENCE: 

DIRECTIONS: 

QUESTIONS: 
1. 
2. 
3. 



HACKSAWS AND SAWING 
Bf NCHV70RK - ' ^ 

MACHINIST 

To acquaint the student with proper use of the 
hacksaw and the types of hacksaw blades. 

Anderson - Tatro* Shop theory . New York: 
McGraw-Hill Book Co., Inc^ Chapter 2, pages 35-39. 

Read the above reference and answer the following 
questions. 



How is the length of a hacksaw blade determined? 
Why does a blade have set? 

What is the principal factor when selecting the 
number of teeth on the blade for a job? 



4'; What are the advantages of a flexible back blade? 

5. What is the minimum number of teeth that should be 
in contact with the work when sawing? 

6. What pitch blade would be best for sawing 1" diameter 
bar steel? 

7. What pitch blade would be best for sawing thin 
sheet metal? 

8. What is the correct speed for sawing? 

9. What are the common causes of broken blades? 

10. What are slotting blades? 



i 



TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

REFERENCE: 

DIRECTIONS: 

QUESTIONS: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 



FILES AND FILING 
BENCHWORK • 
MACHINIST 

To acquaint the student with the types and proper, 
uses of files.. 

Anderson - Tatro. Shop Theory . New York: 
McGraw-Hill Book Co., Inc. Chapter 2, pages 39-46. 

Read the above reference and answer the following 
questions . 



Name and sketch the different shapes of files. 

What are the two clalTses of files? 

What are the six grades of files? 

Why should a file never be used without a handle? 

What is draw filing? 

When filing why cross the stroke? 

What is the preferred file for draw filing? 

What file is best for aluminum or other soft metals? 

What are needle files? 

How are files cleaned? 
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TITLE: MEASURING AND LAYOUT TOOLS 

UNIT: BENCHWORK 
OCCUPATION: • MACHINIST 

OBJECTIVES: To acquaint the student with the types and uses of 
measuring and layout tools. 

REFERENCE: Anderson - Tatro, Shop Theory , New York: McGraw- 
Hill Book Co., Inc. Chapter 3, pages 54-99. 

DIRECTIONS: Read the above reference and answer the following 
questions. 

QUESTIONS: 

1. Name the parts of a combination set. 

2. What are the standard graduations on a machinist rule? 

3. What is the advantage of a hook rule? 

4. Explain the use of dividers. 

5. What are inside calipers? 

6. What are outside calipers? 

7. Explain the use of hermaphrodite calipers. 

8. What is a surface plate? 

9. What is a surface gage and how is it used? 

10. List the common types of micrometers and give the 
use of each. 

11. What are the five principal parts of a micrometer? 

12. What are the graduations ori a micrometer? 

13. What is the smallest graduation on.a vernier micrometer' 

14. What are the graduations on a vernier caliper? 

15. What are the advantages of a vernier caliper? 

16. What is a vernier bevel protractor? 

17. What is the smallest graduation on a vernier bevel 
protractor? 

18. What are gages used for? 

31 



19. What are gage blocks and how are they used? 

20* What is a sine bar? 

21. What is a dial indicator? 

22* What is a snap gage? 

23. What are the three classes and accuracy of gage 
blocks? 

24. What is a master gage? 

25. What is a radius gage? 
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USE OF THE STEEL RULE ^ fiEST COP! AVMiLABLE 



FIGURE I 




Farallax or observational error is the apparent Movement of an 
object as viewed from varied positions. On the left in Picure 1/ 
parallax may very well affect the measurement. Parallax irill not 
affect the measurement on the right because the graduation of the 
•cale lies directly on the reference point| thereforei even tliough 
the object is viewed from varied posit ionS| the same reading will 
be obtained. Parallax may also be overcome by aligning one^e head 
•o that the line of sight is directly over the measureg poiet* 




FIGURE II 





















II 















I^en measuringi one must be certain they are working frott the 
proper reference surfaces and along .the correct line of MMure* 
men%. It is obvious on the left in Figure II that the eeale of 
the rule does not lie along the line of measurement, and incorrect 
readings will be obtained. On the right in Figure II, the shoulder 
acts as a suitable reference surface to measure the work piece* 



FIGURE III 



One must never bend or distort a rule in striving to 4btsifi s 
more advantageous reference point as on the left in Figure XIX* 
With the rule bent in this manner, it is impossible to obtsin 
a correct measurement. The correct procedure in measuring this 
work piece is shown at the right. An inch graduation is used as 
a reference point with the scale edge lying directly on the line 
of measurement. In this manner parallax may be avoided and a 
reliable measurement is obtained. .^6 
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USE OF THE STEEL RULE 



FIGURE I 



Difficulty may be encountered in attempting to 
ali^n the end of the rule with the edge of the 
work* tM^ wear on the work or rule would make 
alignment more difficult ^ and precision and 
reliability would be lost. 
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FIGURE ZI 





The hook rule provides a reference point 
within its construction. This type of rule 
provides for greater precision and reliability* 
One must make certain that wear between the hook and rulOi or <Nirrs 
on the work piece are not influencing precision and reliability* 



FIGURE III 



With the work piece placed firmly against 
a reference surface such as the angle plate 
in this figure^ precision and reliability may 
be achieved. The angle plate acts as the ref* 
erence point for the work and eliminates manipulation errors. It 
is essential that the work have a good bearing against ths plate^ 
that no burrs are present and that wear opi the end of the rule 
is not affecting reliability. 




FIGURE IV, 




By using an inch graduation as a reference point 

on the ncAle, precision and reliable m<^a*ureine«t ^1$^ 
are poasible with the rule* With the graduation ^ 
directly on the edge of the work« parallax may be 3? 
avoided and by not using the end of the rule« end 
wear is inconsequential. « 
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Figure I*A illustrates the proper use or the depth gage* The faces of the 
head have good bearing on the reference surface | and the reference surface 
of the head is perpendicular to the axis of the hole* Figure IrB and I*C 
illustrate manipulative errors whicli may occur^ and it is apparent in thes 
figures that wear on either the face of the head or end of the rule Mould 
affect reliability. Carelessness or foreign matter could verjrjMell produce 
conditiMs of B and C also* 






FIGURE II 




k, in Figure IX, illustrates the difficulty involved in^ryiof to obfeain 
• reading in a haphasard manneri alignment is, difficult with Jttst a rule 
and piece of straight stock*. Figure II-C shorn how «aniputailtr« errors 
duo to presence of dirt» burrs, or inpropor use say occur, tte head, in 
B has a good bearing on the reference surface, therefore reliability nay 
bo achieve^ Faith in the instruinen^is liMited to considoration of -wear 
factors. 

FZGllE XZX 






Wear between the head and the rule can produce the conditions io A- of 
Figure III, whTereby the work is square but the instruaent is not. figure 
JEII-B illustrates proper use of the ccabination square as does C. Io B 
hp%«ever, the work is out of square. Conditions somewhat siMilcir to those 
fbiand in A and B could occur, if there were poor reference surface eoodi- // 
t ions or esent . • _ _ _ 
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Piffure I shows very common errors in 
application of the hermaphrodite calipers* 
Manipulation errors would be made quitr^ 
eaailv under these conditiont^^ The caliper 
lec would have to^move in a straight line 
along the edge of the work and at an equal 

distance down from the edge of the work a^ on the scale in A. In 
both examples false measurement would be encountered^ if the line 
between the caliper. leg and divider leg were not perpendicular to 
the line one desired to scribe* 
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FIGURE II 







In Figure II the distance x in A 
nust be constant in Measuring if 
reliability is to be Maintained. 
The distance y in B illustrates 
the variation that occurs with the 
caliper leg at points ■ and n. 
Figure II-C illustrates the varia- 
tion encountered when the conditions 
of D are present or when the line 
between the caliper snd divider leg 
is not perpendicular to the line to 
be scribed. Figure II-O illustrat#« 
a more reliable Method of scribing 
a line parallel to the work edge. 
The dotted line in C point s^ out the 
error which would occur if the cali- 
per leg should slip to position p. 



Figure III shows the sequence of layout of the 
center of cylindrical work with the hereaphro- 
dite calipers. A series of arcs are seribed frop 
varied peiats on the diameter of the nerik. The 
center of these arcs is found to be the cemter of 
the worki This is a common application «f the 

hermaphrodite calipers, and if care is observed, 

reliable measurement may be {Attained. - ........ 
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VERNIER CALIPtR FEATURES 



1 



The acalea of the vernier cali- 
per are illustrated at the right ^ 
Hith the top vx^ Mhawing the 
inaide acale and the second view 
ahovinf the outside scale* These 
aerve to illu&trdte the basic 
features of any' v**rnier scale 
eaaentially. The bottom por« 
tions of the illustrations re* 
present the vernier scale which 
Moves relative to the basic scale 
to indicate divisions of that scale. 
The inside scale serves several pur- 
poses here. It not only shows that 
with inside measurements the 
scale must be read from right 
to lefty but it also illus- 
trates the instance where more 
than two lines will be in co* 
incidence* This occurs with 
exact .025** division readings^ 
in this case .3 56»*. The out- 
side on the other hand^ must 
be read from left to right, and 
the reading in this instance is 



6S432 1 i 9074543 
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FIGURE II 




Mani^^ulation errors may occur through 
misuse of the vernier caliper • 
Thia happens due to the fact that the 
design of the instrument is such that 
it depends a great deal upon the skill 
of the user. Alignment and **feel^ are 
two very isq>ortant considerations if re<- * 
liability ia to be attained. Proper al<- 
ignaient of the vernier caliper along the 
line of meaaureaent as illustrated in 
Figure II, is eaaential if precision 
aeaaureaents are to be obtained « In thia 
illuatration the jaws of the vernier cali'* 
per must be exactly perpendicular to the 
line of aeaaureaent, and the imaginary 
line between the two meaauring aurfacea 
aust be one and the same with the line of 
a*5aaure^ent . Ih^oe f actors are considered 
and maintained in Figure II, thereby assuring ^e-^ 
liability and precision to a large degree. *<Fael** 
is essential to determine the minimum separation of 
the jaws with outside meaaurement as in II«A and 
maximum aeparation of the jaws with internal mea* 
suraments as in II - B. 
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USE OF THE VERNIER CALIPER 




Alifaaent and «*fe«l" are' •«nipul«tiir« factors which tm effect 
reliable ieaaureaent . In Figure I alicrwent errora ara lllua- 
trated whereby the line between the aeaaurin^ aurfacea ia not 
parallel with the line of meaaureaent or the jawa not parpaadic- 
alar t6 the line of neaaureaent. Thia ia brought out in I-A, and 
one aay readily aee that the true diaenaion of the work piece ia 
not being aeaaured. The bottoa view of a cylinder being iMaanrad 
in B of Figure I, aervea to illuatrate herw it aay be neceaaarf to 
rotate the aovable jaw acroaa center aeveral tiaea, and dttteraiaa 
by "feel** when the jawa lie along the line of aeaauiraa an t or the 
actual diaaeter of the work piece* 



FIGURE ZI 




Ifigura; II tervea to illuatrate tha ef facta of iaprapar liaaga of 
the vernier caliper. Eaceaaive gaging preaaura could cava* tha 
aatacgarated conditiona of II -A and II -B. With A^ if too Mach farce 
< ware applied, the aovable jaw could bend alight ly cauainc the vernier 
Male to aiove too far along the baaic acale and a raadiog aoaewhat 
laaa than the actual diaenaion of the work piece would ba obtaTnad. 
With B, a aoaiewhat larger reading would be obtained than the aecual 
iliaaeter. laproper uaage in thia aanner could eventually lead to 
the conditiona of II -C, whereby the aovable jaw becoaaa apnmg, or 
wear between tha jaw and the graduated bar ia exceaaive. It aay be 
noted that wear froa extenaiva general uaa could produce aiadlar con- 
ditiona, and checking the aero aetting aa illuatratad in C or aatting 
aeaaurini aurfacea of the inatruaant in thia poaition aay ahow thaae 
factora quite diatinetly. 47 
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rSE OF T»E TMIVERrSAL BFVEL PROTRACTOR 

The illustration in Figure I servea to show iaproper 
application of the universal bevel protract?or. In this 
FIGIHE I instance, the instrument would produce a reading mome^ 

what greater than the actual angle formed by the two 
surfaces of the work piece. Conditions such this 
could be caused by nanipulative errorm, burrs^ dirt, or 
poor reference surfaces. These factors would have to 
D be given consideration, to provide for the blade having 
a. good bearing on the surface of the work piece* 




In Figure II an incbrrect reading would also be 
obtained as the blade and base erf the instrument 
do not have a true bearing on the work piece. 
Foreign objects and manipulative errors would also 
be factors which could cause this condit.ion» The 
reading obtained would actually be somewhat less 
than the work piece features, as the blade has not 
been opened the desired amount to duplicate thi* 
angle between the two surfaces. 



FIGtHE 11 




FIGIHE in 




Another error in application of the vernier bevel pro^ 
tractor is illustrated in Figure III. Here again the 
blade has not been opened a sufficient amount^ relative 
to the base of the instrument. This illustrates very 
distinctly how an obstruction upon the surface of the 
work could cause errors. In the illustration the base 
of the instrument is not bearing on the surface of the 
work« This might also be caused by app|iying too much 
force upon the blade and ca asing it to l^ide too far up 
along the surface of the work. 



Proper application of the universal bevel protractor 
is shown in Figure IV. . In this example the blade 
and the base of the instrument have proper bearing 
upon the aurfacea of the work piece. This is the 
basis of measurement of the universal, bevel pro* 
tractor,, whereby the instrument reproduces or 
duplicates the features of the work. With the 
part f eirt :»re properly duplicatedi the value of 
the anglf* in degrees and adnutea may be read 
from the inatrument. 
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SWAP GAGE ArPUCATIOWS 




FIGURE I 

Th« illustration above showt the features of a standard, oalid- . 
construction, 5/8" lisit snap face. The basic design of thtm 
(Ksco is soaewhat siwLlar to that of all snap cages, that is 
the V-shaped fra»e with accurately 'aachined blocks attteh«d 
and set at specific diaenaions. These aay also be adjvstsble 
•ad are used priaarily for gaging external surfacea or disasters. 
A work piece within the tolerance of this gage would eater the 
•62S** end (**Go" conditions) but would ttot enter t he .624*. end 
Ga* conditions). 

FZCURE n 




Tha threaded gage as illuat rated in Figure IZ is used t a gsgatths 
liaits of tolerance of the aajor, aiaor, and pitth diaaatari,' of an 
•xtamal thread. They are deaigaad for threads of a partiealsr 
pitch and class. Variation ia tlaas of threads will also rmry ths 
liaits of tolerance of the pitch diaaetar. The two aats of roll* 
attached -to the fraae deiteraine whether the work piaea is within 
tolaraace. The threaded work piece will engage readily with the 
rolls as can be seen with end view A. If the work piece ia within 
tolerance, it will pass through the iaitikl set of rolls with no 
•ore than a slight drag (•Vo"),but will catch ia the seeoad aet 
(««lki Oo**). The rolls will revolve «liea engaged, thereby diatributiag 
Wear evenly around the periphery of the rolls. ThoAo gages are pro- 
duced in a large variety of deaigna according to varying sisa, pitch, 
class, and thresd fora. 
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FIGURE X 




In the illustratloii at the Imtt^ 
an application of the taper r^Lttg 
cage ia ahoim, the work piece 
ineerted in the ffefo ia vithin the 
lieite of tolerance ea ehotm by 
the t%#o acribed linee on the .iK'^* 
The nusber 6 on >the ^7 ^^^^ 

dicate different ite«a eceording 
to the type of taper* A muber 
6 Bro%m & Sharpe %rauld have ap« 
proximately ^SOO** tapner per foot 
with a diameter at the eaall end 
of .SOOw and a length of 2-3/8^. 
The nuMber 6 Jamo haa a taper 
of .(SOOf^/foot with a aaall die- 
■eter of .600^ and a length of 
3*** The Norae nuaber 6 haa a 
taper of approxiaately .€2$^ 
/foot with a aaalP diaaeter of 
.2ai6«« and a. length of 7-3/8«» 



FIGURE II 



the taper ring illuat rated in 
Figure II aerves to illustrate 
variation in deaign of aoae of 
tfife taper ring gagea. Thia could 
be either of the particular typea 
of nuabera, but the basic differ- 
ence arises out of the steps on 
the end of the gage indicating 
the limits of tolerance « The 
ideal position for the end of 
the tapered work piece would be 
along the broken line in the 11** 
luatration, i.e., exactly bet%ieen 
the limita of -tolerance. 
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APPLICATION OF THE TAPER PLUG GAGE 
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The drawings at t he left illustrate 
a nujBber of errors which may occur 
when producing tapered wo^k pieces. 
They also serve to show how these 
errors are detected through appli- 
cation of the taper plug gage. De- 
tecting errors in the diaaieter sise 
is determined by-the depth of inser-* 
tion of the plug gage. With A and 
B the anount of taper is correct^ 
but too much stock has been renored - 
diameters too large in kp and not 
enough stock has been removed - 
diameters too small in B« 

Incorrect taper is illustrated in^ 
C and D; taper in C not pronounced 
eitough too little taper per foot^ 
and taper in D too pronounced - too 
much taper per foot) 

One must keep in mind that tapers 
may vary with different types such 
as Bro%m & Sharpe^ Jumo^ and Morse » 
end within these typem there are 
various numbers %#hich may vary 
slightly in taper per foot and 
diameter sixes. It im important 
^that the correct number and cor-^. 
rect type of taper are chosen for 
a particular application^ Once 
this is achieved and the correct 
taper is machined, the conitiona 
in E may be attained. 

Vith.E the taper is correct aa il» 
lustrated by the bearing between 
the work end plug g^ge^ and the 
diameter tolerance is saintained 
as shown with the end of the work 
falling between the t%ro scribed 
lines cn the plu^ indic^itinej. the 
limits of site* Important consid-- 
erations here are dirt^ burrs ^ and 
heat as well as seversl other itesui 
%rfiich %^uld greatly hinder precision 
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The ficur«« abov« illuatr«t« momm. of the varioiui :f eatuir^a of the 



thread plus f ^te end the eetinc of threaded vork with tho thread 
fage« In Figure I a design of the thread plug iUuat rated 

quite effectively. Thie cece checks the aajor, ainor^ and pitch 
diaaetera of the thread} the <Hkr« aeeber checka the Mjor diaaeter 
of the aoiAlleat. threaded hole, and the fNo Go** aeeiber checfce the 
pitch diaeeter; wiet not enter morm than two turoa. With Pigure 
the top portione uf the illuatratltma repreaent the actua! work piece 
with the bot^toe portions being the thread plug fafe. In A the diaaetere 
are cut too large (thread too deep), end there would be play between the 
vork and the K^ge. A eijftiiar condition exiata with.B. .More ivportant 
however, ia tnm fact th^t the pitch or lead variea and ia incorrect 
along th*^ length of the thread. In C the helix angle of the thread ie 
Incorrect and though (aaee km in B) the feel of the plug in the hole 
might aeee corr»*iCt, it in ^Ji^y to eee how theae threada would aoon 
peen do%m, th^^r^oy produciA^ an undesirable condition* Thia.illua* 
tratea the ieportance of sharp and tru^ cutting toola. The conditiona 
~in D illustrate the fit between threads one auat alwaya atrive for.t 
There ia a relatively perfect Tit between the mating parta* 59 
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DIAL INDICATOR FrATIfPPg 




FIGIJRE 




FIGURE II 



A. Rack Spring 

B. H«ir Spring _/ 

C. Rack 




Rack Gear 



F. Pinion Gear 



ial with a range of .030" and 000?" V^""^ ^ illustrate, the baUnced 

- at rest at the nine o«cUck ;o«?tr«n indicating hand 

-avel would be 2 1/2 revolutloS; tSe Sani Jli in-ifator.. and tSe fuU 
Wjgh unlocking the be«el screw f h! . 'f** «««^*^inf i» possible 

acator and rotating the SiaJ yhi ilJS ^JIV J^fht hand position of the in- 
: - dial is illustrated ii Fiffuie i}^tJI ^'i^^h the conUh- 

^ dial ia graduated in .Soii*?ncrii;ntr •l*^^". 
one xnch as it has a suppleme^JI^rSJii tl L^n. Jk***"'* ^^^'^ in.trtt.ent 

icatin. hand i^S. h?i* • f'w^^.^P^lf °" ^^^^ ''hich 



connected directlv fK- .'^^ • ? driver rotates the pinion i^^ar whi 

fing acta to take up any backl..h i„ ftf^ ^ "VUf ication. The hair 
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THE TEST IXDICATOR AND DIAL IWDICAtok U&AflES 




FIGURE I 




The discrimination of the test indicator illustrated in figure 
I-A is •OOOOS'*, and the range of the dial is .©©^♦•t This ins- 
trument is generally more accurate and more sensitive th^^ the ordinary 
dial indicator « These instruments duplicate measuring pressure for num- 
erous readings, and they provide for precision transfer and comparison 
measurement. The high level of discrimination is achieved through the 
combined ratios of the lever and gear mechanisms illustrated in Figure I«Bt 
Amplification is well over five hundred times, and constant gaj 
is maintained through application of a leaf spring. 
The design of this instrument is such that the 
hand rotates in a clockwise direction as the 
pointer is activated up or down. 



FIGURE II 



pressure 





The dial indicator is used frequently to test the roundness and concent* 

ricity features with internal and external applications* The dial indi* 

cator may be furnished %dth a hole attachment to test internal and various 
other surfaces which cannot be reached with the spindles of dial indicators 
Figure II-*A illust ratios a dial indicator adapted in this manner. The point 
er bears on the bore of the cylindrical work piece and tests the concentric- 
city of the work piece relative to the mounting fixture* The mrk im «oun«; 
ted in a chuck or fixture, and as it revolves, the amount of runout is . 
transmitted and indicated on the dial* This is a particularly useful appli- 
cation for setting up machines t>rior to production operations* Checking 
the runout of external diameters of cylindrical work pieces may also be 
performed as illustrated in Figure JI-B* This could be performed to check 
the roundness or straightness of a milling machine arbor prior to product io 
nms* An application such as this might also be required in a final assem- 
bly operation of a milling machine. A test bar would be indicated to gage / 
thm vsrioua features of the tapered bore of the arbor mounting hole* ^ 
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DRILLS AND DRILLING PROCESSES 
DRILLS AND DRILLING 
MACHINIST 

1. To acquaint the student with the types and 
operations of drill presses , 

2. To acquaint the student with drills, reamers, 
counter sinks, counter bores and other tools used 
in drill presses and other machine tools. 

Anderson - Tatro. Shop Theory . New York: 
McGraw-Hill Book Co., Inc. Chapter 4, pages 100-125. 

Read the above reference and answer the following 
questions. 



What are the two most common types of drill shanks? 

How are drill sizes denoted? 

What is the point angle of a drill? 

What is the clearance angle of a drill? 

What is a drill drift? 

What is a drill Sleeve? 

How is the speed of a drill calculated? 

What type of material is used to make drills? 

How much material is left for reaming? 

What are the two reasons for reaming a hole? 

List and give the use of the different types of 
reamers . „ 

Describe the operation of countersinking. 

Describe the operation of counterboring. 

What is spot facing? 

What type of taper is used on taper sheinked drills 
and reamers? 
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16. How is the size of a drill press detennined? 

17. List and describe the features of a radial 
drill press. 

18. What are the principal parts of a drill press? 

19. What type of chuck is used on most bench drill 
presses? 

20. Why are the points of all drills not ground the 
same? 
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TITLE: CUTTING TOOLS 

UNIT: SINGLE POINT CUTTING TOOLS 

OCCUPATION: MACHINST 

OBJECTIVES: 1. To acquant the student with the types of 
tools used -on lat±e and shapers. 

2. To acquaint the student with the proper 
cutting and clearance angles of lathe and shaper 
tools. 

REFERENCES: Anderson - Tatro. Shop Theory . New York: 

McGraw-Hill Book Co., IncI Chapter 5, pages 126-134 

DIRECTIONS; Read the above reference and answer the following 
questions. 



QUESTIONS: 



1. What type of material is used for lathe and shaper 
tools? 

2. What is the front clearance angle of a lathe tool 
for cutting steel? 

3. What is the side clearance angle of a lathe tool 
for cutting steel? 

4. What is the top rake angle of a lathe tool for 
cutting steel? 

5. What is the side rake angle for a lathe tool for 
cutting s tee 1 ? 

6. How is a lathe tool mounted in relation to the work? 

7. What are the advantages of a carbide - tipped ^ool? 
8« Why should a tool be honed after it is ground? 

9. How much front clearance should be on a boring tool? 

10. How much front clearance should a shaper tool have? 
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SINGLE PONT FORMKIG TOOL 



SECTION X-X 




SIDE CLEAfVV^CE 




X TOP VIEW 




SIDE 
CLEARANCE 



FRONT VIEW 



AUSLE OF TOOJOUPERi 




FRONT CLEARANCE 
SIDE View 
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GBIRDIHG A TOOL BIT 
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SHE lEUDBF iND 
SWE^TnSG EDGE 
jUIGLE 



OPPOSITE 
AHGLB 




STEP 2 



STEP h 




STEP 3 



H00ND3HG OFF IHE 
ROSE 



EHD^REZJEF AHGLE 



SIDE AND 

BACK ms 



STEP 5 



gore; RELIEF ANGLE BEING THE SAME 
AS A CLEABANCE AKGLE 
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FUNCTION 0 F THE F N D 
COTTING EDGE A N OLE 
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WITH HO QJD CtlTTlNG EDGE 
AJIGip THE TOOL vmi CHATTER 
AHD VIBRATE. 




LIKE PARAim 
KACHINED SURFACE 



NO EKD CUTTING 
EDGE ANGLE 




CUTTBG 
sees ANCLE 



THE PRir-E FUlCCTICt? CF HIE a'TTI>:c iiXS AKGLh IS TO PHEVn^JT CHATTER 
Airo VIBRATia. 
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TITLE: 
OMIT: 

OCCUPATION: 
OBJECTIVE: 

REFERENCE: 

DIRECTIONS: 

QUESTIONS: 
1. 



2. 
3. 
4. 



6. 
7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 



LATHES AND LATHE OPERATIONS 

LATHE WORK 

MACHINIST 

To familiarize the student with lathes and lathe 
operations . 

Anderson - Tatro. Shop Theory « New York: 
McGraw-Hill Book Co^, Inc. Chapter 6, pages 135-182. 

Read the above reference and answer the following 
questions * 



Explain the function of the following parts pf a lathe 

(A) Bed 

(B) Headstock 
(c) Tailstock 

(D) Carriage 

(E) Feed mechanism 

(F) Thread-cutting mechanism 

How is feed expressed on a lathe? 

How is the size of a lathe determined? 

How is cutting speed expressed on a lathe? 

Name the mogt commonly used lathe chucks and give 
the use of each* 

What are collets and how are they used? 

Wha^ attachments and accessories are used tg turn 
work between centers? 

What angle is cut on the end of lathe centers? 
What is a mandrel? 

What are the three methods of turning tapers? 

What are the advantages of using the taper attacl^pnt? 

What is the operation of knurling? 

What is the procedure .for machining a tapered shank? 

List and explain the use of the most; common lathe 
attachments . 



15. What is a goc>d procedure for facing? 
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FORMULA TO FIN 0 
CUTTTNG SPEEDS 



D. Y RF.rA. 



FORMULA TO FIND 

r: p. M. 



4 X C.S. 
J). 
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Oft RPM 
THUS 

mm 



BEST COPY AVAIUBIE 




loo E Wt -^iftfl « 800 



100 F^.lt -^IpAs 1600 
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ENGINE LATHE 




Cju't'iitiQ Toe/ 



PrcduciTij A Tdpfit By Off^eiilnj The Tvlsihock 

6y\lY M^Hod WhQre CuiihQ Tool Nlo¥^s PatCklle.! To 
Thk Bed Ways / - ^ 
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TfilLSTOCH OFFSET 
FOR TURNING TAPER 

OFFSET-- h^fP^ 

OFFSET = ^-^^P^- 

TO riMD T^fiER PER INCH 
OIMIDF TAPER PER. FOOT 
By IZ 
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ENGINE LATHE 
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USING THE COMPOUND FOJ^ TURAi(i6|G A TAPER 




LATHE CENTER 60^ INCLUDED ANGLE 



NOTE: POSITION OF COMPOUND IN RELATION TO CENTER LINE OF 
MACHINE 
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TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

REFERENCE: 



DIRECTIONS: 



TO FIND THE RPM AND CUTTING SPEED OF A LATHE 

LATHE WORK 

MACHINIST 

To give the student practice in sdlving problems 
used in calculating the cutting speed or the R^P.M^'s 
of a lathe. 

(1) Anderson - Tatroi Shop Theory > New York: 
McGraw-Hill Book Co./ Inc. 

(2) Axelrod Aaron, Machine Shop Mathematics : 
New York': McGraw - Hill Book Co. , Inc. 

Read the above references, study the following 
examples and work the problems below. 



Cutting speed is the rate expressed in feet per minute (FPM) 
at which a point on the circumference of the work passes the 
tool bit. To determine the cutting speed (CS) , in surface 
feet per minute (FPM) , all that is needed is the diameter (D) 
and the revolutions per minute (RPM) of the work piece. 

, Revolutions per minute must be determined to get the correct 
cutting speed for the material being machined. The revolutions 
per minute (RPM) may be determined when the cutting speed (CS) 
and the diameter (D) are known. 

Examples: Find the cutting speed of a 3/4** diameter piece of 
steel revolving at 240 revolutions per minute. 

Solution: CS=DXRPM=3/4x240«45FPM 
~? 9 

Find the revolutions per minute of a 2^ diameter steel shaft when 
the cutting speed is 80* per minute 

Solution: RPM«4xes«4x80»160 RPM 
_ ^ 

PROBLEMS: 

1. A piece 2%** in diameter is being turned in a lathe. 
Find the cutting speed if the work is revolving 

at 560 revolutions per minute. 

2. A piece of 1" cold-rolled steel is being turned 

at 158 revolutions per minute. Find the cutting speed 

3. How many revolutions per minute should a piece of 
steel 3" in diameter make in order that the lathe 
tool will cut at the rate of 60 • per minute? 



105 



I 



4* How fast should a piece of 2h^* diameter brass 
rotate in order that the tool may have a cutting 
speed of 140* per minute? 

5* A piece of tool steel that measures l^"" in diameter 
is to be made into a punch* How fast should the 
work rotate in order that the tool will cut at 
the rate of 35' per minute? 

6. A safe cutting speed for lathe tools made of 
carbon steel is 30* per minute. Find the 
revolutions per minute required in order that the * 
lathe tool may have a cutting speed of 30* per 
minute while cutting a piece of stock 4%" in 
diameter of mild steel. 

7« A lathe hand is required to make a nxunbei; of 

steel taper pins out of S/B** diameter stock. How 
fast should the work revolve in order that the 
cutting speed may be 55* per minute? 

8. A piece rate worker has' a job of boring brass 
bushings whose inside diameter is 1 5/8''. How 
fast should he run the le^the so that the cutting 
speed, of his tool will be 95* per minute. 

9. A piece of 7/8" di««neter steel stock is being 
revolved at 120 revolutions per minute • Find the 
cutting speed. 

• 

10. A foirging for a crankpin measures 6^' in diameter 
in the rough is to be machined. The cutting speed 
should not be more than 45' per minute in order 
that the tool nay "stand up" a reasonable length 
of time. How fast can the machinist drive his 
lathe on this job. 



TITLE: 
tmiTBt 
OCCUPATION: 
OBJECTIVE: 

BEFEiIeNCE: . 

DIRECTIONS: 

QUESTIONS: 
1. 
2. 
3. 
4. 
5. 

6. 

7. 
8. 
9. 

10 < 



MACHINE TAPERS 

TAPERS 

MACHINIST 

To acquaint the student with the standard types * 
of machine tapers. 

Anderson- Tatro. Shbp Theory. New York: 
Mc6raw'!-Hill Book Co. , Inc. Chapter 8, pages 200-209. 

Read the above reference and answer the following 
qiiistions: 



tfhat is nteant by a self holding taper? 

What type taper is used on taper shankei^ drills? 

19hat is the taper per i^oot of standard taper pins? 

Where is the Brown and Sharpe taper used most often? 

What type of taper is used on most new model 
milling machines? 

What is the taper per foot of the Brotm and 
Sharpe taper? 

What is the taper per foot of the Jarno tapei? 
Row is the size of Horse tapers denoted? 
How is the fit of a taper checked? 

What is the purpose of the tang on a taper shanked drill? 
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TITLE: 

OCCOTATIOM: 
OBJBC TIVB: 

^EPISBENCB: 

DIRB<3TI0NS: 
PROBLEMS : 



TUPER PROBLEMS 

TAPERS 

MACHINIST 

To give the stud«nt praotle* In solving taper 
problens* 



!• Axelrod* Aaron, waonine snop 
Hen York* HoOra$4-Hlll Book Co«, li 



Machine S hop Mathawtlea . 
no. 



Z, INFORMATION SBEET -Tapar Formulas . 

Read the above references and using the 
information sheet as a guide Work the following 
problems* 

1. Find the taper per inch and the taper per 
foot of the piece shbtin below* 




21 A, tapered reaner is •625'* In diameter 
at the large end and .600** at the amall end. 
The over all length of the reamer la it* 
and the p^rt that is tapered is 5" long* 
Find the taper per inch and the taper per foot* 

3* Find the taper pi^r foot of the pieee 
ahown below* 



4* Find the lengh of taper of the piece 
shown below* 
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ASSIGNMHINT SHEET 



OOCOFATI0N: 

OBJECTIVE: 

DIRECTIONS: 



TYPES OP SCREW THREADS 
SCREW THREADS 
MACHINIST 

To familiarize the student with the different 
types of screw threads, their uses and how 
they a re made* 

Read the above reference, and answer the following 
questions* 



QUESTIONS: 

!• What are the common uses of ssrew threads? 

2^ How are thread dimensions specified on a 
blueprint? 

3* How are threads c hacked for accuracy? 

What are the three types of taps in a set? 
$0 What is a die stock? 
6* What is a tap wrench? 

?• How do pipe threads differ from other type 
threads? 

8# What is the difference in the two forms of 
the American National screw thread form? 

9m Row are most commerlcal threads produced? 

10* What class thread would you find in a 
machine ahop? 

TBHHS DEFINE: 

1« Screw thread 
2. Pitch Die 

3* Pitch 

[|.# Lead ' 
5# ^rest 
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6« Thread angle 

7# Loft hand thread' 

8t Pit 

9« Tolerance 

10« Allow at)oe 
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PITCH « fiOKR OF 
r THREADS 
- PER INCH 
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THREAD FITS 



FIT NUMBER 

NUMBER 1 LOOSE (SPIN) 

NUMBER 2 MEDIUM (GENERAL USE) 

NUMBER 3 TIGHT 

NUMBER 4 WRENCH 

NUMBER 5 SWEAT (HEAT) 
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PITCH 



PI TGH: DISTANCE FROM TOP OF A THREAD TO THE TOP OF THE NEXT 

■ THREAD 

1 



PITCH: - 



NUMBER OF THREADS PER INCH 



EXAMPLE - 1"-8tN. C. 



PITCH 



It 



8 



PITCH 



8 



AAAAAA 



DECIMAL EQUIVALENT OF PIT 



. 125 



8| I. goo 



20 
16 



40 
40 



AMERICAN NATIONAL THREAD FORM 
4-p ► 




PITCH P - NUMBER OF THDS. PER INCH 
DEPn^ 0- .64952 X PITCH 

F • . 125 X PITCH 

FtAT F • -T- 

mi£ - 60 DEGREES 

UENeiHL- PITCH X.75 ® 50* 
IBNCTH PITCH X 7¥3^ 




FVRJIULA TO FTSfD 

PITCH ~ FLHT- SIN&LE DFPTH ^ 
DOUBLE DEPTH ANd P^n^OLMP DEPTH 



£, F. £«. FLAT E$. JZ5 X F 




3. D. £<9. ST7)if-LE DePTH Of Thkeao fa f/r^,x. 
^. D.D. £^ DcoBt^e DepTH Of TmEfio B&. ^XD. 

5. D. £ci ANeouftn. Def>TH fa Secbnt 



6. ftfteot-RK J)£PrH Fan S?** flu&o = .2JzS. 

N 
N 
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FOmULA TO FINd 
TAP DRILL SIZE 

TAP DRILL Fo/i. U THD. 

TP'S. - .575 -.06t c 
OR 



FORMULA FOR OUTSIDE DIAMETER OF A NUMBER 



SIZE SCREW 



NUMBER X .013 + .060 • OUTSIDE DIAMETER 



EXAMPLE A - NUMBER 10-32 N.F. 



.013 (CONSTANT) 
X 10 NUMBER SIZE 
.130 

060 (CONSTANT) 
.190 0.D. of AN.umber 10 

Screw 



EXAMPLE B - NUMBER 8-40 N.F. 



.013 

X 8 NUMBER SIZE 
.104 

4-.060 

. 164 0. D. of A Number 8 

Screw 
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CALCOLATiOAf ACM£ THREAP FORM 



THi.ACM£ THREAD IS CeHiRALLY USED TOXfiANStffir 
POWE/i AND Afor/OAf AND D/FJ^ERS FAOM T/l/E CCHVSH' 
T/OHAi V THREAD /H 7HA T IT MAS A/4 fHCL i/DED TH^fAD 
A//GI £DF 29 ^COMPARED 7C 7/fE V THREAD 60'AHGl E. 
THE. XLLU37RATICH BELOW SHOy^S D/A/feREAfCSS JHTH/fEAfi 
fOA/Ht aFAMERfCAH A/AT/OHAL AHD AQAiS THREADS, 




AM.HA7*l>VTfn». 



P/TCH 



ISRESr 




ACME rH*D. 



fORAfWAS roR ACME THREAD PRODL EMS 



DEATH * -fif£^V-.d/o' 



WIDTH Of CRiST s 0-370? X PITCH 
WtDTMOEROOT * 0.3707 XRirCMfO.OOSl'' 



PRODLEkit CAl C0LATE 7HE PI7CH, DEPTH, WIDTH OF CR, EST, AHD H\llfiTH 
or ROOT OR e THREADS PEH IHCM ACHTE THREAD RORAf, 

Pitch* HB^d.hS' 

DEfTH t 0./2S''-^1*D.OC1S'I-O.0/O''m o. 09± f 
WIDTH CPCREST *0.3707it O.tSfr O.O^as" 
yNIDTHOFROori D.$7O7K0. nS^O. OOft^s 0, 0411" 



AftRANGEMENT OF THREAD CHASING DISH 




l£AD SCREMT 



WORMUfHEa 



DIAL FACE 



CLOSING HALF NUT 



EVENIKKAOS ANY LINE 

000 nOSADS ANT NUMBERED UNEi 



miF 1HISA0S ANy 000 NUMBEREO UiNL 

• * • • * 

<(NiARin 1MREA0S SAME LilC ' 
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ASSldNNENT SRBBt 



TITLBt 

OCCUPtlON: 
OBJKCTIVB: 

BEFEREKCE: 

DIRECT! OKSi 
PROBItEKS : 
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SCREW THREAD PR0BLEH3 . 

SCREW THREADS , 
MACHINIST 

To give the student preotioe in solving serei 
thretd problems* 

!• Axelrod, Aron» Machine Shop Mathe«iiies » 
Men Yoark: McOrawHiii Book Got, i^e. 

2* InforoBtion Sheet* Screw Thread gbriulai 

Read the above referencds* and usln$* the. 
Information Sheet as a ftulde work the folidwipi 
problems. 

1. . Find the single depth of the following 
screw threads* 

•* J-20-NP 

b. i-28-NP 

o. i-20-NC 

d. 5/8-11-MC 

6* 3A-10-NC 

2 * Find the double dfpth of the foHowing 
screw threads* 

«• i-20-NC 

b. 10-32-NP 

e* 5/16-ld-NC 

d* 3A-16-IIP 

•• 7/8»9-HC 

3« What would be the width of the crest of 

tbe following screw threads? 

a. i-20.HC 

b* J-20-HF 

0* 3/8-16-MC 

a. 3A-10-WC 

1-8-lfC 



k» What is the pitch of the following screw 
threads? 

a. i-28-NP 

b. 3/8-2I4.-NC 
e. i-20-NP 
d. 

e. 3A-10-NC 

. What would be the tap drill size for the 
fpllpwin.'^ screw threads? 

a. i-20-NC 

b. 3/8-16-HC 
C' 1-20-KF 

d. ^-.13-NC 

e. 5/8-1 8-NP 
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APSIGNEMTN SHEET 



TITLES MILLINa MACHINES AND MILLING ' MlABVE 

J£$T GUI • uumww 

UNIT: MILLING MACHINE AND MILLING 

OCCUPATION: MACHINEST ' 

OBJECTIVE: To familiarize the student with the types of 
milling machines and milling operations. 

REPERBJI'^K: Anderson-Tatro. Shop Theory # New York: Mc-Graw 
Hill Book Co.^ Inc. Cnapter 10^ pages .23^-278. 

DiRECTIONS: Read the above reference and answer the following 
questions • 

QUESTIONS: 

1. What are the principal parts of a milling machine 
and what is the function of each? 



2* How does a universal differ from a plain 
milling machine? 

3» What are the three general types of milling 
machines? 

h. How is feed expressed on a milling machine? 

$. What are the feed movements on a knee and 
column milling machine? 

6* What are the advantages of a vertical milling 
machine? 

How is the speed expressed on a milling machine? 

8. Kow is the size of a milling machine determined? 

9# What is the function of the following milling 
machine attachments? 

(A) Rotary table 

(B) Rack Milling 
(0) Arbor 

(D) Slotting 

(E) Index head 
(P) Adaptor 
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10. List and pive the use of six types of 
millinp cutters. 

11« Explain How cutters are mounthd on milling 
machine s# 

12. List and explain the ways of mounting work 
on a milllngmachine. 

13« What Is up and down milling? 

11^.. Explain the difference between plain and 
rapid indexing. 

15» How do you distinguish between a right hind 
and a left hand end mill? 



. CIKGIMNATI tmiVSRSAL KILLINO KAOHINB 
COLOMN AND KNSB TYPS 
VOMSHCUTTIRB 

!• FBBD3 UtlVB SHAFT 

8. LQROITUDIXAL BAND FEED ZfiVER 

8« BASB 

4* COLUMM 

6« SPINDLB RSVERSINO I£VBR 

6. LOVBR SISED CHAKOB I£VER 

7* XnPPBR SFBBD CHAKOE I£VER 

8, STARTINO IfiVER 

9. SPIVDUB Ho. 50 TAPER Inside 

10. OVERARM 

11. ARBOR SUPPORT 
18. TABI8 

15. SADSLB 

14. TABIB FBBD RBVERSIXa ISVER 

16. TRAHSVBRSB BAND IHEBL 

16. RAPID TRAVERSE 

17. VERTICAL HAND FEED £BVER 

18. KNEE 

19. FBBD CHANOB I£VSRS 

80. COOLANT LRAIN TO BASB 

81. BISVATINO KNEE SCREW 
88. FEBD8 REVBRSINO IBVER 
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mi£ BRAKE 



JACK GEAR LEVERS 



:D LEVER 




SHAPING 
^ AHACHMENT 
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REVERSING SWIT 

SPINDLE BRAKE 
AND LOCK, 

BELT SHIFTING 
AND TENSION CONTROL 

SERIAL NUMBER 
QUI a PEED SELECTOR^ 

MANUAL FEED- 



FEED REVERSING 
KNOB 

FEED CONTRO 
LEVER 

HARD CHROME 
PUTED QUILL 
5" TRAVEL 



HARDENED AND 
. SPINDLE 




HIGH-LOW SPEED 
CLUTCH CONTROL 



BACK-GEAR CONTROL 



POWER FEED 
TRANSMISSION 
ENGAGEMENT CRANK 



QUILL FEED HANDLE 



QUILL STOP 



MICROMETER ADJUSTING 
NUT' 
QUILL LOCK 



INDICATOR MOUNTING ROD • 



to //z. 
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. . *^ SID2 MI£LIN0 CWITBR 




SIDE MILLINO IS THE MACHIKINO OF A VERTICAL SURFACE OH THE 
• -. SIDE" OF THE WORK WITH A 3IDE<-MIIJ.ING CUTTER. 

SIDE NILLINO CUTTERS HAVE TEETH ON BOrH SIDES AND THEIR 
PERIPHERY. 

CAN BE OBTAINED IN WIDTHS TO l" WITH STRAIGHT OR HBLICAl 

.fJBTH. 

USED FREQUENTLY FOR MILLING SLOTS, BUT CAN, ALSO, BE USED 
FOR STRADDLE MILLS BY GANGING. 
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PLAIN SCREW SlOITIKa GtJTIBR 





SLOTIINa IS TH£ CDTTIKG OF QROOVES WHICH UAV£ VERTICAL SIDES 
IN EITHER FLAT OR CTUHBRICAL WORK BY MEANS OF THE APPROPiaASS 
CUTTBR. 

PLAIN SCR2W SLOTTINa CUTTERS HATE PINE PITCHED TEETH ON IBB 
PERIPHERY AND HAVE THE SIDES DISHED. TO PROVIDE CLEARANCE. 

USED FOR SLOTTINa SCREW HSAOS, SLITTING TUBING, THIN SHEK- ' 
MXTAL, AND OTHER SHALLOW OPERATIONS. 
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SSAGaERSD tOOTB SIDE MILLItfa CaTTSR 







STAOOERBD TOOTH SIOB NILIINQ CUITEfiS KR& DESIGNED ESFECIALLT 
FOR DEEP SLOTTING, KEYVAYS AMD HEA7T DOTY MIlLINa. 

, TBET ARB MADE VITH ALTBRNAIS SIDE TEETH, WHICH HAVE ALTBR- 
HATE fami AHD LEFT HAND HSLIX. II HAS A SREARINO ACTION, VHXCE 
IS DESIRABLE FOR GOOD CaTIINO AND FINISHES. RSQDIRES LESS POVSR 
DUE TO SHEARING ACTION OF THE BfiUX OK THE TEETH. . ' . ' 



e/ 
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SID8 I007B KSTAL aLISSINO SAV' 





SMTTINa IS THB OPERATION ftmimt WHM THB COTTIHO flP A 
OROOVB IHTO THE WORK CR CUTTING OPP AS IK A PARTING OPERATION. 

THE SIDE TEETH GIVE GREATER CHIP CLEARANCE AND A WIDER 
SPACING OP THE TOOTH. IT IS RELEI VED TOVARD THB CBNTBU TO ALLOW 
PGR CLEARANCE. 

USED PROM NOKMAl TO DEEP SLOTTING AND CUTTING OPP 
OPERATIONS. 
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HALF SISS MIUINO CUTSBR 

A 




HALF :fXD£ MILLING CUITBRS HATS TXSXH ON ONB* SXI;£ AHP 1E& 
PBRIPHERT. 

HAD£ WITH LBFT AND RIOUf HAHD HELICAL ;fS£IK. 

VSfiU PRINCIPALLY 10 SIRAODLfi MILL VH£R£ YOd NB8D A SHCOLIfXR . 
AHD A FLAT IK ONH: OPERATIQH. TH5Y CAN BS USSO SIHOLSY OA OAKm ' 
IR PAIRS. EXGELLSNT FUR HEAVY CUtS AKD WHERE CLOSE TOLEfiAHCES- 
ARB RFBOSJ) BETWEEN SHOULDERS. ' " ' 



OORRXR ROOROIKQ COtCSR 




GOmm RODNOZNa COTISRS ARB USSO TO PHOOOCS CONm SDfiPAO»l 
or CXRCDLAR. CORIOVR SQOAL TO A QtTARTBR CIRCI£ OP lESS. 

« fm ARB ONB OP THS MAMX POBM COTISRS AiTAZIiABliS, SOCB AS, 
OOmX, CONCAVS. PLUTINO, AHO JXXJBLB AHOIB RAOIUS. 0UTSBR8 POR 
MMJMO THli MAHY DIPPEREHT POiWS* 

CAR BE USBO SIHOLBT OR QNSWDi THEIR PORN CAM 3B RBtAIHBO, 
mmSB IBBY ARB PCRM RBLBZVBD AND ARB SHARPBNBD ON TBiitR PAOBS' 
OMIT. o ■ 
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, , ...... 



8XV0&B AKQxoi vausMtk^m 
tfxsu raasADBo hole 









AirooLAR mziUNa is trs machiriko 07 aoKfmt At KHpsa^ 

OfBXR mM 90^ to IBS iOlBOR. 

" • . • < .. - 

THIS CUTSBR IS VtJRlflSBXO IR ALL k(t9m, N08t VaOi^Y.A 

60^ IS 0SBO PRINCIPA£LT ?CR MIZ.IIRO OOfS tAXlS^ IS Z8 WtM 

nn A TH^SBSi BR0 NIILtRO MACRIIIX ARBOR^ 

.OABI MOST BS TAXSR AS tO OlRSBflOK Of GUI l» mMlfM \ 

fO tRjS TBRSAO, frHBTRSR A RIOBt BAHO OR LSTf HAMO IBRBAOBD ; 

ARSOR IS V8SD. 



150 




PLiilH MILLING IS raiE PRODUCTION OP PLAT SUHPACES WITH A 
PLAI5. KIIUNO, WITH EITHER STRAIGHT OR HELICAL TEETH. 

SLAB MILLING OPERATION PRODUCES A PINE PIHISH ¥ITH LITTLE 
OR HO CHATTER WHEN USING A HELICAL TOOTH MILLING CUTTER. THW 
cut OW THE PERIPHERY ONLY AND HAVE WIDTHS PROM 1/8" TO 6* WITH 
PIKE OR COARSE PITCH TEETH. 

IT IS PRIMARILY USED 05 CUTS WHERE THE CUT IS LBS8 THAI IHE 
PACE WDPH OP ms CUTTER. • / • 

c 
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CONVtNTIONAL MILLING . CLIMB MILLING 




BEST U • "-'^^^^ 

CLIIIB iraUNa OR DOWH MILUNO «VS* COHVOTIOllAL OR tJP lOlLIKO 

CLIMB MILLINQ WHEH APPLICABIB RBSTJI/PS Dl BBTTBR FIMISHBS, 
FASTER FSBOS AHD LOHOER CUTTER LIPSt IT IS HOT APPLICABIX TO 
WORK EAVIK& A BARD SCAIfi TO GUT TBROTOH AS A CAST OR SOALT 
PORasO SURFACE. ABRASION WOULD QUICK RUIN THE CUTTING BDOB* 
• PASTER FEEDS AHD BETTER FINISHES ARE POSSIBIB BECAUSE <JO)l» 
' PORSHT PARTS ARB UNDER A STEADY PRBSSlRB. IN CLIKB HUUHO 
THE TOOTH HAS A QUICK AND POSTIVB ENTRANCE WTO THE UBTAL, 
HO RIDINO OF THE PREVIOUSLY MIILSD SURFACE AND HENCE ZSSS 
HOroXHO. THIS PROMOTES LONGER GUTTER HPS. CLIMB CUTTINO CAH 
" B8 USED SUCCESSFULLY. ON ANY M/ICHINE IP ALL PARTS CAN BE KEPT 
TWBT TO PREVENT BACKIASH OR PULLING IN. THIS I S ABSOLUTELT 
BSSBNTUL AND CAN BE DONE ON MACHINES OF THE OLDER TYPE I» 
OARKFDL. 

CONVENTIONAL CUTTINQ HAS A TENDENCY TO LIFT THE WORK FROM 
. ITS BBARINO, THUS REDUCINO RIGIDITY, AS THE GUTTER REVOLVES 
AOAIHSI THE WORK IT IS FORCED AWAY BY THE PEED OF THE WORK 
WHICH. IN TURN, SPRIH03 THE ARBOR. THIS ACTION C0NTINUB3 UNTU« 
THE RESISTANCE OF THE ABBCf< OVERCOMES TBS HSSISTANCS OF THE WuBK 
TO CUTTING, AND THE TOOTH ENTERS THE WORK. THIS RUBBINO ACTION 
AND TBI HEAT (^NERATSD BY IT PROBABLY BREAKS THE CUTTER OpWM 
QUICKER THAN THE ACTUAL 0I7TTINO. OONVEKTlOMAL CUTTINO SHOULD Bl 
USED ON MATERULS HAVING A BARD OR SCALY SURFACE, AS THIS IS TBE 
XIS8ER OF TWO EVILS. CLIMB CUTTINQ IS MORE DAMAGING TBAN THE 
ABRASIVE ACTION OF CONVENTIONAL MILLING. ABARSION DUE TO SCAUt 
IH COHVENTIONAL MILLIHG IS MINIMIZED BY THE PACT THAT 'THE SCAIE 
IS XIPTSD OFF AHEAD OF THE CTTTTIMO EDGE. 
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NOMENCLATURE OF FORM MILL CUTTERS 



GASH ANGLE 



DEP TH -^F mm 




>iicLi 
u::TERg 

I 3 

jt — l7 



T FLUTE DEP; 

TOOTH F 
SIDE relief' 




ACE WIDTH 



RADIAL RAKE 

ADIAL RELIEF 
FILLET 



POSITIVE 
RAKE 




HEEL DRAG ilEfi) 
REMEDIED W^t^) 



ZERO 
RAKE 




NEGATIVE RAKE 



Circular . 

\<m^ CLEARANCE 
DROP 



15'? 



MULTI POINT CUTTING IDOLS 



^ PpS/TfVE RADIAL 
RAKr ANGLE 



TOOTH AMGLE 




^y^^UJrmG EDGE 

-TAKIGEMT TO PERIPHERY 
-CLEARAWCE AWGLE 



•LAVJD 



DIRECTION OF 
ROTATION pPERIPHERY 

p.HlP SPACE 
^i//OR FLUTE 

\}(, BACK OR FLAKIK 
\ TfOF TOOTH 
VUl HELIX 
^TOOTH BODY ANGLE 
-TOOTH FACE 




LLET 




TANGENT TO HELIX 



PLAIN MILLINS CUTTER WITH NOMENCUUIRE 



POSITIVE RADIAL 
RAKE AN 



•RaiEF ANGLE 



RE-T SECTION AA 
CUTTING EDGE 

TANbEWT 




^1 I^WIDTH 




CLEARANCE Al^GLE OR l^-REllff 
Y^PHimftf CLEARANCE ANGLE 



SECONDARY 
. CLEARANCE 

SIDE MLLIN6 CUTTER WITH NOMENCLATURE 

15*> 



MULTl POIWT 
FORM CUTTERS 




STA^DARDMILLDMGCUTTERS 




FOURFLUTTE TAPER SHAMK END Mia 





FOUR FLUTE STRAICIHT SHANK END MILL 









- 







TWO FLUTE TAPER SHANK END MILL 



SHaL END mil 





MILLING CUTTER NOMEMCLATURE 



NEGATIVE ANGLE CUTTER R.H. 




POSITIVE ANGLE CUTTER R.H. 




• • \ . • • • • 



END MILL NOMENCLATURE 




I UILLm tttCHINfi SPEEDS. AKD FK8DS .1 o!l^%- 

ctrrrsR dza« >i 




^SO TABIB PE2D ^Jsa TABZ£ PEED 



OOKVKMTIOilAL O R UP DOfW O R CLIKB 

, SPSEEDS R.P«U. OP CVmR, AISO QBPZNISD A3 SIJRFACS XBS? nR MZVOn 
XBASTJRED OH TBS CWIKR PSRZFHSRY. 
maOLkt R.P«]f,s 4X3 KRERS RPH - RSVOLTJTZONS VBR ICZNUIS 

4 CONSTANT USBD INSTEAD OP M (if) 
3 SimPACB S7SBD 09 CtTTBR 
d OZAMBTER OP OIITTBR 

KXmfJSt PIHD THE RPM OP AN 4" dl«.. COTTBR, lUCHZifZiiO A IttTf 

SRIAL WITH A 250 tt/min, CXTFTINa SFiaU). 

SOtXITIOltl RPH : 4 X 850 s 250 • RPK U 850 

4 ^ • • 

« 

fSSOl THE RATS AT WHICH THB WORK IS MOVBD iOAZNST TEB ROrilTXia , 

(mm, ^tttzx.y expressed in iKcimai. >teificHro 

FORliTOA* MP 5 Ho, TBBTH OM COTTER X Xft^tOU . ^. 

KXAItPUSt WHAT ilILL BE THE PEED FOR A ^^'i' fBiTRt A 

Omp TEICKKBSS OP" •OOS", ROTATBIO HH ItTii 
aOZiWIOHt Sip : 24 X '.009 X 90 s 6.4O0 OR 6 3/3 IRCKBS PSR^iOI. 
^ CAP^lOira i CTITIER KATERIAL, UATERZAt TO BB ]lACdZNBi», fin OP SBT 

U?l AND CONDITZOH OP HACHINS OOmtN USE OP TtOBSE ^bTOlDULS , 

4 



CORRECT AHD INCOBRBCT METHODS OP 
OUXBim WORK TO TABX£ 



STSP BLOCK 




CORRECT 



IHCORRECT 




JJUQ. 



\ 1 ] 




CORRECT 



INCORRECT 



matt AIWAY5 BAV^ CIAMP AS NEAR PARALXSL AS POdSIBU WITH 
TABT2 SIJRPACE AKD THE CIAVPIRO BOI/T AS CIDSB TO THE 
WORK AS IS PRACTICAL. 

' nr THIS MAUNER IIORB PRESSURE WILL BE EXERTED OS THE WORK 
THAN OK THE STEP BLOCK THEREBY CREATING MORE EOLDIHO 
POWER, 

OTHER CLf*PIHO DEVICES: V - BLOCKS, ANOIB PIATES, CHUCK, - 
SCR^IW HEEL CIAMP, STRAP CLAMP, (300SiaiECK C^MP, SCREW 
jack", U-CLAMP, SINOLE PINOER CUMP,C-CLAMP, AWD PiXPT]RB3, 
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, ASSTONKENT SHEET . 

iEST COPY AVMLABU 

title: to Piwr THE R.P.M. AND CUTTING SPEED OP A 

MILLINa MACHINE 

UNIT: MILLING MACHINE 

OCCUPATION: MACHINIST 

OBJECTIVE: To give the student practice in solving problems 
used in osculating t^ia cutting speed or the 
R.P*M.*8 of a milling machine. 

REFERENCES: 1. Anderson-Tat.ro Shop Theory . Nev York: 
McGraw-Hill Book Coilnc. 

2. Axelro<3, Aaren-Machin^§lXPjL_MaJ;JieiDalLlaB 
New York: McGraw-Hill Bbbk Co., Incl 

DIRECTIONS: Read the above references, study the following 
examplos and work the problems below. 

Cutting speed of a milling cutter is the number 
of feet traveled by a point on the revolving 
cutter in one minute, or the speed in feet per 
minute of a point on its outer surface. It Is 
the product of the circumference of the cutter 
times the revolution per minute* 

Formula: 

cs = r> X P..P.M. 

Examples: To find the cutting speed of a 21" 
milling cutter revolvinff at the rate of 60 RPM 

CS aDxRPH = 2ix60 = 37| ft per min. 

To find what RPM is required for a 6" c itter at 
80 feet per minute? 

m'i ~ IpcCS er kxBO «= 63 1/3RPM 



PROBLEMS: 



1. Determine the proper cutting speed for 1 
ll-i" cutter at ICQ feet per minute. 



ERIC 



2* Give the RPN at vhioh a 3** mill should run 
to bavs a speed of 1^0 feet per minute* 

3« A end mill at 60 feet per minute calls 
for a BPM of what,? 

!{.• What RPM is required for a T end mill at 
100 feet per minute cutting speed? 

5* T|je cutting speed of a 1" end mill cutting 
mild steel at oO feet per minute should be what? 



ASSIKGMEMT SHEET 



TITIB: SHAPES AHD SHAPER 0PSRATTOH3 

JJjSlTi 3HiftPj52l.tfQRIC^ ^ 

OCCOPATION: MACHINIST 

OBJECTIVES To acquaint the atudant vith ahapars and 
afaapar oparatlona. 

REFER EUCB: Andaraon*Tatro. Shop Theory > McGraw-Hill 
Book Co*, Inc. Chapter 11, pagea 279--301# 

(yjESTIClfS: 

1. Explain the function of the following parta 
of a ahapar. 

a« Baaa 
b» Prama 
o» Ran 

Tool head 
a* Table 

2. Bow is the aise of a shaper determined? 

3« Bow doea a univeraal ahaper differ from a 
regular ahaper? 

[|.« What table movamenba art- found on vertical! 
ahaper a? 

5* How ia the length of atroke of a ahaper 
determined? 

6« How ia feed expreaaed on a ahaper? 

7* Wbat ia the purpoae of the clapper box? 

8* Liat five operationa that can be done on 
a ahaper? 

9* How is cutting apead expreaaed on a ahaper? 

10. Diacuaa the different nethoda of holding 
materiala while ahaping^ 
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RAM i^OSmONINQ CONTROLS 




POSiridf OP MM IN REUTION TO LENQTH OF WORXPIKB 



17" 



if: - 




pot HOIMOK HTOlDm^ KBtr IHB SLOt m Al© oiip TWt wxfc 



I 





suDi AND TOOL BAvi TO mm idivn^ 

MM 



to mi pvinuQ tni toot iii) slidb !<«r ^aosi m tobb to snuin aid (^warii 



■■1 



-.'=3 



V4 
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SETUP FOR MACHINING A BLOCK SQUARE AMD PARALLEL 
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ASSTONMENT SHEET 

TITLE: PLANER AND PLANER OPERATIONS 

UNIT: PLANER WORK 

OCCUPATION : MACHINIST 

OBJECTIVE: To acquaint the student with planer end planer 
operat ions. 

REFERENCE: Anders on-T^tro. Shop The ory, New York: 
McGraw-Hill Book Co», Inc T chapter 12. 

DIRECTIONS: Read tlie above referencb and answer the 
follow ing questions^ 

1. Sxplain the function of the following: parts 
of a planer. 

a. Bed 

b. Table 

c. Houain.T 

d • Cr ossrail 
€. Saddle 
f. Toolhead 

2. Kow is the size of a planer determined? 

3« How does a double housin>r type planer differ 
from the open sldb type planer? 

I^^ What type of cutting tools are used on the 
planer*^ \ 

5. How does the planer tool head compare with 
thft shapor tool head? 

6. How is work held on a planer? 

?• What is a planer page and how is it used? 

8* What accessories ere availaole for planer work? 

9. How does a gong tool differ from a regular tool? 

10. How is the speed and feed of a planer determined? 
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TITLE: 
UNIT: 

OCCUPSTION: 
OBJ'-JCTIVE: 

REFERENCE: 

DIRECTIONS: 

QUESTIONS: 
1. 
2. 
3. 
4. 
5. 

6. 
7. 
0. 

9. 

10. 

11. 

1?. 

13. 

U. 

1$. 



ASSIGNMENT SHEET 

TYPES OF GEARS j 

GEARS 

MACHINIST 

^0 familiarize the student with the different 
types of gears, their uses and how they are 
made . 

Ander 3on-Tatro . Shop Theory . New Vork: 
McGravj-Kill Book Co., Inc. Chapter 13, 
pages 313-328. 

Read the aVove reference, answer the following 
questions and define the folloMin** terms. 



What is a spur pear? 
How are spur gears used? 

What is the pressure angle of spur pears teeth? 

What is the purpose of a gear rack? 

How is the chordal thickness or a crear tooth 
me asured? 

How many spur gear cuttera are there in a set? 
What is a bevel gear? 

How are bevel gears used? ^ 
What are miten gears? 
What is a helical gear? 

What are the advantages of helical gears? 
What are herrinf^bone gears? 
What is worm cear^nr? 

Explain how and where worm gears are used. 
How is the ratio of worm ueaV' cilculated? 
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16. \»ist the methods U5?ed to make gears. 
!?• What is the corrected addendum of a frear 
l8t What is the ratio of a plain index head? 

19. How can gears that cannot be index on a 
plain index head be indexed? 

20. What is defentrial indexinjr? 
TERMS: 

1# Pitch ci rcl© 

2« Pitch diameter 

3» Diametral pitch 

if. Circular pitch 

$• Addendum 

60 Dedendum 

7# Clearance 

8« Gear-tooth vernier 

9# Gear sector 

10. Hole 

IX^ Pinion 

12. Rack 

13 • Driven ^^ear 

1U« Driving pear 

15* Indexing 
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ASSIGNMENT SHEET 

TITLE: SPUR GEAR PROBLEMS 

UNIT t GEARS 
OCCUPATION : MAC HIN 1ST 

OBJECTIVE: To give the student practice in solving spur 
gear problems. 

REFERENCE: Anderson-Tatro . Shop Theory * Nevg York: 
McGraw-Kill Book Co., Inc • Chapter 13, 
pages 313-328, 



QUESTIONS: 



It What is the pitch diameter of a 6 pitch 
gear with 25 teeth? 

2. A gear has }6 teeth and a pitch of 6. What 
is the pitch diameter. 

3« How many teeth are there on a 20 pitch gear 
5 inches in diameter? 

li^. The pitch of a gear is 2h, and the diameter 
of the gear blank is 6*750 inches. How 
many teeth will it have when cut? 

Sm A 10 pitch gear has a pitch diameter of 
5.750 inches. What is the 0, D.? 

6m What is the clearance of a 1? pitch gear? 

7. What is the addendum of a 6 pitch gear? 

Q. What ia the dedendum of a 10 pitch pear? 

9* What is the workinf^ depth of a 6 pitch gear? 

10. What is the whcl depth of a 6 pitch gear*' 

11. Find the center center distance of a 10 
pitch 1'3 tooth £eiT and a 10 pitch 2k tooth 
pear . 

12. What is the circular pitch of a 8 pitch 2k 
tooth gear*^ 



BEST copy AVAILABLE 

ASSIGN'M^'^NT SHKET 



IT: ah{<a:uv : A' I cr^TMD^K 

'^i^OTTV-;: ro aco)<*Mnt tbn student with the common types 
of ahrarx!v'-a and ut-.rnsive products. 

r^K!<RNCK: A^^'Clerson-Ta tro. Sh op ^heor^ ^ Nf»w York: 

'''T^"^?'. : -M.i- t' ^^'ovc !■ :'ereMrn -jnd answer ti'e 
mil OK ■ •: -^ue j: t \ ":js • 



2^"^ I Otis ! 



1. WL.'^t ar*^ iho T.osr. co(T!-only j?;fi^ natural 
at.rasiv s'^ 

2. .v'hiJJt arc tl-e two most used man-j fac tured 
atrasivLis*^ 

3. What alrasive is Jsed for most, rridinc- wheels 
U5ted for f';rindin steel? 

1;. How is t:he ^^rain size of abrasives classified? 

5, I'.'h.st are the five types of bonr's 'ised in 
makinp rridinr wheels? 

6, Which V ")r)'^ is nsed on most /ridin^ wh'^ols? 

7. Wo 3t is t^B structure of a ^rrindin^' wheel? 

8. What is ?rade of bond? 

9* On what typ^s of material sho-Jli silij"on 
ca r):i d') abr u ^ ^ v^3 be u sod ? 

10, On what types of material should aluminun 
oxide jbrai-jives be 'v^ed? 

!!• -Vhat factorn f^overn th^ prindin wheel 
selection for a given job? 

12. iixplain the murkin- system used on grinding 
wheels. 




13* What is the difference between dressing and 
t'ruelng 8 grinding wheel? 



List the abrasive products other than grinding 
wheels. 

1$. List the rules that apply to the care and 

handling of grinding wheels and other abrasive 
products* 



201 



BEST cop^' 



X 



S^4»&oL M>*wvt Graiw 




'J^knU of- 



10 

\t 
n 



30 



10 i2» 

^ W 

too 3U> 

ito i06 

l*> 500 

\fo ceo 



36 - L - 



-23 




'V 



SKflUc -fi 



202 




ERIC 




204 



ERIC 




ERIC 



I 



B£$[ copy mum 



*5 



4^. 



GRINDING WHEELS EXPU DE 



• r. 




w^*. C RACKED WHatlS 

2. lf^PROP£R Wtm MOUNHNG 

. 1 UNBALANCED GRINDING 
WHEELS 

4 IMPROPER tVHEa tJSS 
% REVOLVING TOO FAST 
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ASSIGNMENT SHEET 



TITLE : 
UNIT: 

OCCUPATION: 
OBJECTIVE : 

REFERENCE: 

DIRECTIONS: 

QUESTIONS: 
I. 

2. 

3- 

k. 

5. 
6. 

1. 
8^ 

9* 

10, 



SURFACE GRINDERS AND GRINDING OPERATIONS 

ABRASIVES AND GRINDING 

MACHINIST 

To acquaint the student with the types and use 
of surface grinders* 

Anderson-Tatr Ot Shop Theory * New York: 
McGraw-Hill Book Co., Inc* Chapter l5i 
pages 3!4.'7-36ii.. 

Read the above reference and answer the 
foliowin,^ questions. 



Whet is the difference between the planer and 
rotary type surface grinders? 

What wheel shapss are commonly used on 
surface gr inc'ers? 

How raay wheels be checked for cracks? 

What is the purpose of blotting - paper 
washers on the sides of the wheel? 

Why is it necessary to keep surface grlnde^j 
wheels sharp and clean? 

What is used to dress and tY'ue surface 
grindinpr wheels? 

How is work usually held on a surface grinder? 

Explain the process for mountin'g a wheel 
on 9 surface -grintJBr* 

Why should one stand to one side when a 
grinder is turned on after a new wheel has 
been mounted? 

What safety rules apply to the operation of 
a surface grinder? 
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ASSIGNMENT SlffiET 



TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

REFERENCE: 

DIRECTION: 

QUESTIONS: 
1. 
2. 

k. 

5- 

6. 
?• 

8. 

9. 

10. 



CYLINDRICAL GRINDING AND GRINDING OPERATIONS 

ABRASIVES AND GRINDING 

MACHINIST 

To acquaint the student with the types and use 
of cylindrical grinders. 

Anderson-Tatro. Shop Theory » New York: 
McGraw-Hill Book Co., Inc* Chapter 15> 
36l;-386. 

Read the above reference and answer the 
following: questions. 



What is the purpose of external grinding? 

Into what three major gro :ps are external 
grinders divided? 

What movements are important in any cylindrical 
grinder? 

What happens to the job if the grinding wheel 
completely over-runs the end of the work? 

Why is it not possible to have a set rule 
for the rate of work speed? 

How can tapering of the work be overcome? 

How should the diamond be used to make the 
wheel fast cutting? 

How is it possible to produce taper work on the 
cylindrical grinder? 

What is meant by a universal tool grinder? 

What kind of work can be done on the centerles3 
grinc^er ? 
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ASSIGNMENT SHEET 



TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

RE'^ERKKCS : 

DIRPJCTIONS: 

QUESTIONS: 
1. 

2. 
3. 
k- 
5. 
6. 

7. 
8. 

9. 
10. 



GRINDEHS FOR CUTTING T00L.3 AND THREAD GRINDERS 

ABRAoIVh'S AND GRINDING 

MACHINIST 

■^o acquaint the student with the types of 
grinders for sharpening cutters and grinding 
throads . 

Anr3er3on-Tatro. Shop JThe ory . New York: 
McGraw-Hill Book Co.,TTnc.~ Chapter 15, 
partes 38'7-399. 

Read the above reference and answer the 
following questions. 



Explain the difference between a floor and 
bench grinder. 

The bench /grinder is used for what ;?eneral 
type of work? 

What type of grindin/i wheels are suitable 
for general-purpose cjtter grind5n,q? 

What St apes of wheels are commonly used for 
cutter grinding? 

What causes burnin,r or cuttinp edges in 
cutter grindin^^? 

Name two types of tooth rest most generally 
u '^ed . 

How are end mills generally groind? 

List six factors to remember when sharpening 
cutters . 

Exnlain the dlfTerence between and the capacity 
of the internal and external thread grinder. 

How are thread grinding wheels dressed? 
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ASSIGNMENT SHEET 



TI5IE: HE3V^'TRE5^^^Jr^7^ OP STFEL 

UNIT: HEAT-TI^TIW; 

oocupmtonj rmcHrMiST 

OBJECTIVE; 



FEFE^3F!NCE; 



QUESTIONS; 



Ito acquaint the student with the heat*- 
treatinq processes used on various types 
of sbeel. 

Anderson-Tatro. Sto^jQ^^r^. New York: 
McCraw-Hiil Book Go. , Inc. CJiapter 16, 
pages 400-420. 



1. What is steel? > r 

2. Vlhat are three grades of carix)n steel? 

3. Hw much carbon must he present in steel 
before it can be hardened noticeably? 

4. Wiat are alloy steels? 

5. What are the Tx>st cormon methods used to 
detemine the hardness of steel? 

6. Hew is the tenperature of a head treat 
furnace controlled? 

7. VJhat is the SAE systeam of classifying steeel? 

ft. Explain hew a piece of high carbon steel 
is hardened? 

9. Why is tool steel drawn or teanrpered after it is 
hardnned? 

10. Hew long should a piece of steel be left in a 
heat treat furnace? 



TESMS E9SPH5E: 



1. Alloy 

2. Straight carbon steel 

4. Critical Teirporature 

5. Draw 



6. Ttenper 

7. Anneal 
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ASSIGNMENT SHEET 

8* Quened 

9* Case harden 

10* Carburizlng 

11# Normalize 

12. Stress relieve 

13* Cjanlding 

1U» Flame hardening 

15# High speed steel 
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TITLE: 
UNIT: 

OCCUPATI ON: 
OBJECTIVE: 

REFERENCE: 

DIRECTIONS: 

QUESTIONS : 
* 1. 

2. 

3. 

5. 
6. 

7. 

8. 
9. 

10. 



I ASSIGNMENT SHEET 

SURFACE FINISHES AND MEASUREMENT 
SURFACE FINISH 
MACHINIST 

To acquaint the student with surface finishes 
and their concern to the machinist. 

Anderson-Tatro. Shop Theory . New York 
McOraw Hill Book iJo., Inc."* Chapter 17 pages 
1^21-1+32. 

Read the above reference and answer the 
following questions. 

What is meant by surface finish? 

What factors contribute to the quality of 
a surface finish? 

How is the degree of surface roughness 
measured? 

Why are Jobs checked for the quality of 
surface finish during production. 

How are the characteristics of a surface 
specified on a machine drawing. 

Name the simplest way of Judeing the roughness 
of a surface. 

What instruments may be used to check the 
surface finish? 

What' is a micoroinch? 

How are the characteristics of na surface 
specified on a machine drawing? 

What causes the irregularities in the surface 

of a machined Job? 
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ASSIGNMENT SHEET 



TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

REFERENCE: 

DIRECTIONS: 
QUESTIONS: 



POWER SAWS AND SAWING 
BAND MACHINING 
MACHINIST 

To familarize the student with the types and 
use of power saws. 

Anderson-Tatro. Shop ThQory > New York: 
McGraw-Hill Book Co.", Inc. t^hapter l8, 
papes !f33-U59. 

Read the above reference and answer the 
following questions • 



1« How many types of band saws are in use? 

2. Why is the horizontal band saw more efficient 
than the reciprocating power saw? 

3» How is work held in a power hacksaw? 

l^.. What are the advantages of a bend type power 
hacksaw? 

5* How is the cuttinnr speed of a band saw expressed? 

6# Why ere proper cuttin - speeds important 
when uain?? a met al-cutt inpr band saw? 

?• Why must a weld in a band saw blade be 
annealed? 

8. "^hat is fr iction saw in ^r? 

9* What determines the pitch blade to use? 

10. What chani^ea are necessary toconvert the 
saw,in«T machine into a filing machine? 



224 



v 




o 



00>°l|o 

f— IZ! r~ '-^ .b: — ' 

qZlu SQ 3 
(/D<lll^< 

z 



ERIC 



RB}OXJLR 




ERIC 



I 



BEST COPY AVAILABLE 

3« WIDTH 

iLWAYS 0SE WIDEST BLADE: 

(A) AVAIXJlBUli IN DESIRED PITCH 

(B) mt tflU. CUT THB SHAliLSST RADIUS RS^UIRXD 
■(C) THAT THS MACHINE WILL HAHDLE 

k» OAOS 

ALVAXS UaS STAKDARD OAOB SXCEFT WESN IMCRKASKD VOBK THIGOnBS DSCBSAaXS 
ACCUBAOX UKD WID7U CAVISOT BX IffCRBASED TO OBTAII SUFPICim tTfiSKIfH. 
BKAtirUB3 FOR HBAVY OAOB AFPLICATIOHS : 

(A) VHSV ftAOIUS CmiSO IK THICK K&TSRIALS 

(a) VBSM MAXIMUN VIDTH U3UABLS OK HACHIIIE PROVIDES INSUFPICIBIT 
BSAM 3TRBS0TH 




CLXARA9CX 

QAOI IS TBS THICKXSSS OP THB BABD. SST IS TBB ANOBIT THI TUfl AIB . 
Omm AID PBOTIDBS A KXRP WIDE EVOUQH TO OIVB CLgARAMOB TO TSB 
BAID BACK OF THE TBBTH. 



ERIC 



BEST COPY AVAILABLE 

THB FIVE CIURACTERISTICS THAT mT 3E 0.">MSinEAED EACH TIME THB 
MICHIBIST MUST SELECT A BLADE ARE: 

1. TOOTH FORM ** 

i 

(A) FOR FIMKR THAN 6 PITCH, FRSCfsiQM OR PJiGULAR IS THB ONLY 
CHOICI. 

(B) FOR 6 PITCH AMD COARSSa, CUW TOQYIC USmLY GIVR3 THE BBST 
tOOL HF8 AND FASTJWT CUT1'I1*3 

(e) FOB BBST FIKI3E, PRgCISIOH OR BUTT^ZSSS ARE USUALLY PRBFBI^ 
BD« 

^» FITCH - 8BUBCT BEST PITCH PBOK SAWIlfO RECOTtKKXDATIOifS TABLS* IP 
THIB FXTCB IS NOT AVAILABLE IN CS3IHED WIHTH: 

(A) TBICK MATERIALS, CHOOSE THEMEARSST PITCH.' 

(B) TBIN MATBRIALS, RBDtJCE WIDTH UNTIL PITCH IS POUND. 

(C) HAn AT LEAST TWO TKBTH IN WORK AT ALL TIMES. TEN ARB PRB- 
FBR4BLB FOR HAND FEBDINO, 20 FOR POWER FEEDING. 




5. SIT PArrsna - always use raker set except : ^^^^ qqPY IWlMUBlt 

(A) FOB VORK 07 VARYING THICKNESS 

(B) VHBI on BAND MUST BE VSED FOR A RAMGE OP MATERIAL SXZBS - 
USB WAVB SST 

BOflls THB STBAKIHT SBT 13 HOT COMMONLY UfiZD IB MKTALtfOBKIBO 



VATX SBT STJUIOBT SBT RAJCBR SBT 




|E|Jj;OPY AVAILABLE 



THE BPFBCTS OP TOO MUCH FEEDING PRl^SSURE Ofl OP THE BIAD: 
im SDFPIClSa BEAM SfRENaTH FOR THE JOB. 

m CUT Vm ROT BE STRAIGHT NClTTT «IG.HT ANGLES. THE DSFLBCTIOI 
SSS THK BLADE TO HAVE A TENDEHCY TO BUCKLE AHD TO "BILLY" THE. 
XPIKCI, CA.n3IK AH OUT OF BQUARE CORDITIOK. 



Y: IHCRXASE WIDTH, GAOE, AMD/OR DSCREABB PBBD. 



VORX 



UPPER GUIDE POST 




TABLE 



LOVER O0IDS POST 
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BEST copy Ab/irb7'f 



TBI TVO MOST COMNOI MISTAUS 
» NAKIIO TU VBD 



BIAd MOt E!!KOyiD BUD OTMBOUS • 

raOM BAOI Of BU»I DXIHSD AJO VIAIBBD 
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BEST COPY AVAILABLE 

AH SXAKPLK OP DRILLING HOLE^ ."V 3CRAP PORTIOK TO FACIHUTE THE 
SAWiaO OP IITERIAL CONTOURS • 

fn PRILLIB3 OP HOLES AHK ALSO USI^D PGR EXTERNAL SAWIIO tfHXKEVXR 
, ftRAXP COltaSRS ARB HOT HEA^^ T^IS PERIMSTEKS. WHEV THE SHARP CORIBSS 
\ ABI HKAR PRSIMETBRS, SLOTTING, OR SIMPLY SAWIHG A KEHP TO CORIBHS, 
I IS MORE OFTBI TOED TO KSSP PROM BACICIHO SAW OUT OP CUT. 



^..DRILI. nJM. 
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BEST corv m\mi 



nwaxxAfxoi of fkrtiixst factors that host bi ooanann 

XI m tlLBCTIOV OF BLADES. 



X« BUMI CSABACTBaiSTICS TO KBST JOB BlBQUXBHOIfB t 
(A) fOO« FOBMS - TKEan SffABDAW FORKS 
<B) HXDTI • FROM lA^ TO 2 XflDBt 
(C) PZrei - FBOM 2 TO 32 
W flAftB - Sf!AK>A«> AS mLL AS BXAVX ODTT 
(■I SIf - FOR FAKnyO 01 aiOTTXK 



BUS! FKW VOHi FUIBXK SYSTSI OB CBAK 



3* fwank MDUK-xi nbtbod, if bbv bladb 



^ OritAlfXM 00»ITIOBS fob lowest cost PBB CUT 

(4) mtn sFiB) - ADJusnD fob baoi job 

(•) MBK FKB) > SBUnm FOB PBOOaCTXnTI 

(C) COOLABT * pm>PBBUr HXXBT AID PBOPfiILT fUSOi 



5* BABD BRHOVAL POIIT FOR MAXimTM USBmi L!fS 
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ILWSTtUTIOS SttOWIlO lOV PLAIl IK) "WW" ¥KnH PIKTKR IS USl. Til 

"«t" VA?za comcTs mors aria op tooth awd ¥oiru-» b« hors smotxn 

AS COOUlVT or as LUBRICAirr. 





BEST Zm AVAiLABIi 



KiMPLE "A" SHOWS THE LOMG SHEAR LIKE OP METAL HAVIHG A HIOH 
SRBAB STWBKJTH, WHILE EXAMPLE "B" ILLUSTRATES THE COMPARATIVELY 
SHORT Lm OP A LOW SHEAR STREHaTH METAL. 

■on DIPFSREHCS BETVBSN WIDTH OP CUT AND WIDTH OP CHIP. 





1XA»LB8 OP TWO IDENTICAL CUTS BEIHO MADE OK THE SAMS CUT, BUT 
TEE CIS CM LBPT AFTER BUILD-UP OP METAL ON BLADE HAS CAUSED THE 8BB4R 

AWLK TO IICREA3B. THIS CAUSES HEAT INCREASE, A REQUIRED POWER M- 
CRBAJSB, AND SHORTER BLADE LIFE. 



AJSi 

STEEL NUMBERING SYSTEM 

The p'r'^ y/^/'/ of iJie, 4 trS d'/'filf /^am^ral c/esJ^oa-/^ 

a cdLr6^J9 ^itrelj^^" a. nickel si-e^/^'y a. n^'ckel-Uromium 
. The. hst 2 or 2 d/ge^s usually mean ca^rhon 

Conieni, TAus Ue ^(//y>bol 2S30 f/)c//caies a nicke] 
siee) of Bpprcx, S% /y/cM .30^ Cdrbon content. 



Cdrhon Sfee/s U/isk) fxxx 

Md/)^2in^se SteeJs (l'^<^-l-^o%) /^yy 

Nickel S^e^/s ' x'xAA' 

M/cke}'CJ)^oAfiuM Si!ee/^ ' ^yxx 

ChroA^e- h;c^k carioA^ ^;^xxx 



Time Required (per inch) to red^ci^ temper3iture 



Ternperir)(^ 



2SOF 
Boo''" 



700^ 

-J—^ — > 



hot air ove.n . 
no ci rcai^i ion 



Spheres 



So M/i/. 

3o 



3o 



20 



Squares 
Cl//Jhcir 



SO 



J0_ 

35- 



So Af/j^ 

.76.1 

70 



AS' 



Circulating oyen 
air 



SpAeres 



/s 



/6 



'7S 



Cyli/lders 



7.C 



zo 



Zo 



2.0 



30 

"3D 



30 



30 



30 



'30 



t/rr,e ^ 



/ ^our 
iiaurS 



8/ 



Tempering teiDperature 



3ooy 



2^ 



3/6'' 



35-^-- 



335 



AOO F 
3S'Ol__ 



* So a. king time dt ^/uen temper d-i-u re ~ yVor^c: 
Ha t WJien t/'/Tye c/oaJD/es^ te/77/o. /s rec/uced 
20~2S /?e{: 7do/Sfee/ S//r7/?//p/ec/ p^.s^z-^e 
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Cd.rburjz/ T/me in hour^ 
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Tennp. Indicaied Color - Cdrhon S^-iee] 



Degrees C 


Oegree^F 
ISO 


Co /or of S^ee? ■* 

yer^y /^<3/<f y^7/ocu 


2322 






2318 




• r- r-, ' . . ' 


■ 243. Z 






2^6.^ 






2S4-^ 




2C0.0 












2^ A/ 






27C7 


630 




202.2 






2&7-e 


^^o 




293.3 






293.9 


f70 


^^^^ S76/e 


337. & 







roo/77 ou/'/'/i n€>rrhaJ 7/fA/- co/7<// -f Jorxj ^ 



RELATED 
INFOPllATION 



TITLE : 
UNIT: 

OCCUPATION : 
OBJECTIVE: 

REFERENCES: 



INTRODUCTION: 



INFOPJ^ATION: 



Safety in the Shop 

Safety 

Machinist 

To acquaint the student with the proper and 
safe working habits in a irachine shop. 



1 . Anderson-Tatro. Shop Theory. 
McGraw-Hill Book Co,, Inc. 



Mew York; 



2. McCarthv-Snith. Machine /^^ool '^echnolocry . 
Bloominqton, Illinois: ' McKnlght'and Mcknight 
Publishina Co. 

Safety is aptly described as a thread which is 
woven throuQhout the entire fabric of industrial 
activity. The strenqth and quality of the fabric 
are weakened by its absence. Success in industry 
cannot be achieved by ignorinc it. As thread is 
part and parcel of the cloth, as it assists in 
tying in one part with the others, so safety is a 
necessary component of industrial operation, 
one which cannot afford to be overlooked. 

Safety applied to procedures in a school or indus- 
trial shop resolves into using common sense and^ 
"ood judaenent. Modern machinery is equipped with 
guards and other safety devices designed to pro- 
tect tho operator and make oneration of equipment 
as. safe as possible. Statistics show that guards 
and other safetv devices afford only 15 percent 
protection. Most accidents are a result of someone's 
thoughtlessness, carele.^snes.s , lack of knowledge, 
or lack of consideration for the rights of others 
and pay be avoided by acquirinq the habit of 
thinking bnfore doina. 



roup POINTER FOP SAFE'T^y 



1. The right tool for the job 

Examples of unsafe practices are using a 
m.etal chisel with mushroomed end r using 
files as a pry bar, a wrench for a hammer, 
and Pliers "instead of the proper wrench. 

2. Tools in qood condition 




BEST COPY AVAILABLE 



^ r-r^rcbes v^ith crackc:' ^^r vorn javs, screw 
'-■'rivers 'o* t^* 5:/iarr> noirl:'^ or broken handles 
ar»r r*.or5: *n t\^ Too^^g ho.^c^r , r'ull sa\7G, and 
fixtonsion cords or electric tools with 
broken c»lnc5^ or split* insxilation. 

3. Tools uncd in the right vay 

Scre\/f^rivurr> aoolierl to objects held in the 
ban'-"', knives puller! tox'arr"^ the bo^y, .-^ 
two harricne^'' steel tools ritruck together, 
anr"^ faiJnre to qrcun^'^ electrical eauipment. 

r Tools kcot in sa^e place 

•'^ny acci'lent.s have been catised by tools 
fnllino froir overhear^ an-'' by knives, screw- 
rrivers, p.nO ot'^.er shar*^ tools carried in 
^"onketr, or loosely l^i.*"^ in tool boxes • 



1. Lack '^kill, 

?. In<=^?f f'icioptlv inforrr.er^ or ^misunderstands. 

3. y.ot convinced of need — in^locision. 

A. Standard or der>ired proce«^ure is av;kv7ard, enbar- 
rar>sinn, unconfortable , '^i^'ficnlt worker pre- 
fers nonstan'^ar^l procedure. 

5. rii occr licOit, 'icat, arronr'-^pont f ventilaLion, 
r^atcrinlr , too] p , enuipment, procedure , wages , 
coppan^' policy, or methoris or improper, defec- 
tive r ina^^enuate, ine^Ciciontr unsafe, misadjusted, 
poorly r.ciinrn inor . 

C . Phynically un <^.ui ted , hear -J ^rr , r, iaht , aae , sex^ 
heicht , 'v'Gi<^ht , '"^i sposi tion , v;enk, fatigued , 
ill, nervous, e/cital>]c, alloraic, or slow 
reaction • 

?• Personal characteristics and attitudes — reckless, 
bad habits, wi]]fullv 'disobedient, lazyr dislo- 
ya 1 , uncooperative , fearful , ovcr-^sensitive , 
jealous , inpatient, ovcranbi tious , absent-minded , 
excitable, the 'other f el lev;' concept (worker 
beleives hirpself exenipt) , inconsiderate or into- 
lerant . 

Safety is nrincipa]]^' a matter o"^ striving earnestly 
to learn rinr" foJJov; «:,nfo practices and procedures 
at all tir.cs. 



PFTiA'T'rr 
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Finishinq 
Beachvrork 
Machinist 

To acauaint the stuc^ent with the need and know 
how to file and polish at the bench* 

1. Nicholson File Co. File Filosophy. 

2. Anderst)n-Tatro . 51^op Theory. Mew York: 
r4cGraw-Hill Book Co. 

All machined parts ireauire some bench operation 
for finishinq. These operations may be limited 
to ren^ovinq burrs from machinery operations or 
fillinq chamfers and polishina. 

The finishinq operation may involve filinq, polish- 
ing, hanr' lapPing and hand scrapina. The operation 
of hand lapping and hand scraping are very slow 
and skillful operations. The machinist must acquire 
a skill for these operations. 

Filing 

Two of the m.othods used to produce smoothly 
finished surfaces are draw filinq and poli.'sniug 
with an abrasive cloth. Draw filing is a process 
of filina vhoreby the file is placed crosswise on the 
V7ork surface and nnlled along. To do draw filinqr 
it is nocensarv to use a sinqlc cut file which 
will shear rather than clip or scratch the metal. 
In this operation, great care must be taken to keep 
the file clean so that scratches v/ill be avoided. 

Polishing 

Abrasive cloths and papers are used to produce 
a smooth r polished surface. These cloths and 
paper come in a areat variety of grades from 
very course to an extremely fine^ pov/dered grade. 
Some types are used rlry while others produce the 
best results when used wet. There is a grade and 
type of cloth or naper to 5=uit any purpose/ and 
care should be taken to selWct the grade which will 
produce th'? desired results without wasted time or 
effect. 



TiappincT ir> n rethod of rcmovina verv small amounts 
of materia 1 by means of an abrasive. The abrasive 
material is VoDt in contact v/ith the sir'ns of a 
hole th.*^t ir> to ln*')PGd by the ur>e of a lapping 
tool. The lap should just fit the hole. P<s the 
lap revolves in the hole^ it should be constantly 
moved np and dovm so that the hole will be perfect- 
ly cylindrical. 

Scraping 

Scraping in rnnovinn high spots off a flat 
bearinq surCace that must be perfectly matched 
to another flat surface. This is a hand opera- 
tion rcrruirinc r.'^uch slcill. 



RFL?ITED 
INFORf*ATI0N 



TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE : 

BEFEREIICCS: 
INTRODUCTION: 

INFOF?'ATION: 



Types of Cold chisels 
Bench VJork 
Machinist 

To aquaint the student with the four common types 
of cold chisels . 

1 . Lur!v7i Q , O . A . r Metal Work techn ology and Prac- 
tice. Rloomington, 111. McKniaht and McKnight 
Publishing Co. 

2. Nicholson, Fred r Shop Theory % New York: McGrav;- 
Hill Pook Co. , Inc. 

Cold chisels are used to cut cold metal, hence the 
name. They are made of hiqh carbon tool steel in 
a number of sizes and shapes, "t'he cutting end of a 
chisel is hardened and temptered because the cutting 
edoe must he harder than the metal it is to cut. 
Chisels are UFiually made from octaqon shaped steel 
3/3" to 1" in diameter and from R'' to 12'' long. 

^yjl?.'^ Jlu /r^^5)?.L?.* '^^^ types o-p cold chisels are 
designated by the shape of their cutting edges. 
The follovanq arc the four types of chisels and some 
of their uses: 

a. Flat Cold Chisel: The flat chir^el (Fig.l) has 
a wide cutting edge. It is used for chipping flat 
surfaces, cutting sheet metal, ]:)ars, rivets, bolts 
and for most of the ordinary chi>DDing around the 
shop. The cutting edge is sharpened to 70 angle. 
The flat chisel is the most common type of cold chisel. 



b. Cape Chir^Gl: The cape chisel (Ficr.2) has a nar- 
row cuttino Gc'qe and is used mostly for cutting 
narrov; qroovr^s and key way?;* It is widest at the 
cutting or"'ge to Iceep the chisel ^rom sticking in the 
cyrooves an*^ maybo breaking. 





Fig. 1. Plat Cold Chisel 





Pig. 2. Cape Chisel 
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Round Nose Chisel: The round nose chisel (Fig, 3) 
has a rounded cutting odga and is used for cutting 
U-shaped arooves and chipping filleted corners • 




Round Nose Chisel 

d» Diamond Point Chinel: ""he diamond point chisel 
(Piq,4) han a cuttina edge shaned like a diamond 
and is used to, for cutting v-shaped grooves and 
for chipoina in sharn corners. 




3 



Pig. 4. Diamond Pqint Chisel 
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TITLE: 
c UNIT: 
1 OBJECTIVF: 

.t 

K 

I 

(. INTRODUCTIOII: 

V 

t 

' REFERENCE: 



To Koacl a f^icroweter Caliper 
Bench Work 

To qive the Rtuc'ent practice in rea'^ing the 
microrreter caliper. o 

Every machinist must be able to read a micrometer 
if he is to do accurate v/ork. A regular micro- 
meter will read accurately to .001 of an inch* 

Anderson-Tatro. Shop '^heor^. Hew York: McGraw- 
Hill Book Co., Inc.' 'Chapter 6 Piq 3-64 and 
3-66. 



INFORTIATION: Procedure: 



1. Open the microneter until it v/ill pass over the 
v/ork . 

2. Set the anvil of the micrometer on one side of 
the work, holding the frame of the micrometer 
lightly in the hand. 

N^OTE : TIever attoirpt to measure moving work with 
the micrometer calipers. 

Screw the thimble of the micrometer down until 
the end of rhe spindle will just slide over 
tiie work. Keen the contact points in a line 
at a ricfht angle to the work. 

4. Remove the micrometer from the work being care- 
ful not to rove the thimble . 

5. Note the last number showing on the barrel ahead 
of the thimble. This ficure represents the num*- 
ber of tenths of on inch that the micrometer is 
open I >>ecause each division on the barrel is 
eaual to .025'*. Every fourth line is numbered 
nnc? is eaual to .100". In Tic:. 3--66 page 72 

in Siipr Theory this is number 2 and is .200'*. 

6. ^:ote hov; many divisions marks are visible past 

the last numbcrerl line. Fach of these represents 
.025*'. In Fia. 3-66, one r*ivi;?ion is shov/ing, 
and Ix .025 = .025. 

7. iJotc thv-^ nunbor frop 0 to 25, of mark on the 
tlamblc v'hich coincides v;ith the revolution line 
on the barrel. Each of those lines represents 



ERIC 



7 



BEST COPY AVAILABUE 



.001''. In Fig. 3-66, this is numl^er 16 and 
is .010". 

Add the results in steps 5, 6, and 7. The 

results is .200 + .025 + .016 = .241. 



0 1 2 



^ .0312 



FIG. 8«66. A reading of 0.241 tn. on a micrometer. 
(Brown & Sharpe Mfg. Co.) 




How to liuld llic iiiicroiiieler ct)rr«.i'tly wlien piece is held in the hond. 
Note positions of the fingers. (The Drown i Sliarpe Manufacturing Company) 
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RE LATHED 
INFORMATION 



TITLE: To Pead An Inside Micrometer and A Depth Micro- 

meter. 

UNIT: Bench Work 

OCCUP ATI ON : Ma ch i n i s t 

OBJECTIVE: Every machinist must be able to read a depth 

micrometer if he is to do accurate work, A depth 
micrometer will read accurately to .001 of an 
inch • 

REFERENCE: Anderson-Tatro • Shop Theory > New York: McGraw- 

Hill Book Co., Inc. 

INTPODUCTION: The reading of an inside micrometer and a depth 

micrometer are the same, so the following applies 
to both types of micrometers. The explanation 
of how to read v/ill be given only for that of a 
depth micrometer. 

INFOR^!ATION: Each division on the line or barrel represents 
•025 of an inch; every fourth line is numbered 
as on a plain micrometer and these num±)ers repre- 
sent hundred thousands or ,500, ,600/ ,700, etc. 
Thimble •001/in, 

Each line on the sleeve or thimble represents one 
thousands of an inch or ,001, .002, •003, etc* 

•NOTE: When read-ing the depth micrometer that 
the same general rule applies as used on a plain 
micrometer only that the scale on the barrel and 
sleeve are laid out just the opposite of those on 
a plain micrometer. Those on the barrel increase 
in value^ from right J: q lef^ instead of from left 
to right as a plain micrometer, and those on the 
sleeve increase in va 1 n e c oun t e r c 1 o ck wi s e instead 
of clockwi.9e as on a' plain micrometer. 

Because of the difference in scales you must 
remember to use the value of the next hidden line 
On the barrel as your barrel reading. In other 
words, the last line covered by the end of the 
sleeve. To find v/hat the value of the hidden 
• barrel line is simply check to see what the value 
of the lines are which can be seen on the barrel. 
In the exapp]o r.ho'/n note the last nn/abered line 
which can be seen, closest to the end of the sleeve 
is the numbered 7 line, so you know what your bar- 
rel reading is going to be ,600 plus. 
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BEST copy AVAIUBUE 



Now notice that one line on the barrel Is 
visible between the numbered 7 line on the 
barrel and the end cf the sleeve. Each line *' 
on the barrel representr, .025 of an inch. Now 
add this .050 to your hidd en nuTnl<>\.^d line 
which Is .600. Your total barrel reading Is 
then .600 + .050=. 650. 

To obtain your sleeve or thimble reading, 
simply take the value of the sleeve line 
which m atches the horieontal index line on 
the barrel . In this oa^e tne number Is 18 
line i3 the matching line so add .018 to 
your barrel reading for a total reading of 
.650 + .018 = .668. 

If extension rods are used as in often the 
case, remember to add the length of the rod 
to your measurement reading. 

EXAMPLE: If In the reading shown, a 3 inch- 
long rod was being used you would add only 
two Inches to the measurement of .668 and 
your total reading would be 2.668. The rod 
Is 3 Inches long but only two Inches enter 
Into the measurement, as 1 inch of the rod 
length is used in fastening the rod Into the 
head of the micrometer. 
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RELATED 
INFORMATION 



TITLE: 
UNIT: 

OCCUPATION : 
OBJECTIVE: 

REFEREn'qE : 
INTRODUCTION; 



INFORMATION : 
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To read a Vernier Caliper 

Bench Work 

Machinist 

To give the student practice in reading the 
vernier caliper. 

McCarthy-Smith • Machine Tool Technology » 
Bloomington, Illinois. McKnight and McKnight 
Publishing Co. 

Every Machinist must be able to read a vernier 
caliper if he is to do accurate work. He needs 
to read a vernier caliper for work larger than 
the micrometer he has in his tool box and the 
vernier height gage for layout. 

The top or main scale divisions are indicated 
by three different length lines. The longest 
vertical lines on the main scale are numl^ered with 
larger numbers, and they represent inche s » The 
medium length lines are numbered with smaller 
numbers from 1 to 9 and represent hundreds of thou- 
sands — .100, .200, .300, etc. The shortest ver- 
tical lines on the main scale each represent twen- 
ty-"five thousands or .025. , 

NOTE: To read the top, or main scale, keep in 
mind that the zero line oh the lo wer vernier scale 
determines your reading of the top, or main scal»; 

First notice the value of the whole inch line 
to the left of the zero line on lower scale • 

EXAMPLE: The number 6 line of the top scale 
is the first inch line to the lef t of zero line 
on lower scale so our whole inch reading is 6 . OOP . 

Next we count the number of lines showing between 
the six inch of the top scale and the zero line of 
the lower scale. 

EXAMPLE: There are two lines so add 2x.025 or .050 
to the whole inch reading of 6.000. 6.000 + •OSO « 
5.050. 

To read the lov/er vernier scale remember that each 
line on this scale equals ,001, or one thousands 
of an inch. To obtain this reading, simply take 
the value of the vernier scale line which matches 
a line on the top scale. 
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EXAMPLE: The number 10 line is the matching 
line so add .010 to the top scale reading. 
6.050 + .010 = 6>060 . 

If the zero line on the vernier s cale matches 
a line on the top of the scale the vernier scale 
reading will be zero. In this case you simply 
take the value of the line on top scale which 
matches the zero line on the lower scale. 

EXAMPLE: If the reading shown, the zero line on 
lower scale matches the number 1 line on top scale 
the total reading would be 6.000 + .100 = 6 .100 . 
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RELATED 
INFORI^J\TION 



TITLE: Drills and Drill size 

UNIT: Drills and Drilling Processes 

OCCUPATION : Machinist 

OBJECTIVE: To acquaint the student with the process of 

drills and drill sizes, 

REFERENCES: 1. Anderson-Tatro . Shop Theory . New York: 
McGraw-Hill Book COw Inc. 

2 . McCarthy-Smith . Machine Tool Technology > 
Bloomington, Illinois: NcKnicrht and McKniqht 
Publishing Co, 

INTROnuCTIOn: Early drills were made of flat pieces of steel 
twisted to form the helical flutes. After the 
forqing and rough machining operations the 
drill v;as harr'ened and ground and ready then for 
use. 

INFORMATION: Drills today are made of high speed alloy steels 

which will permit operations at much higher speeds 
without effect on the hardness of the drill as 
compared to the earlier drills. The material used 
for drills today is cylindrical. The flutes and 
clearances are machined on special production 
type machines. The hardening process is controlled 
to insure uniform hardness. The sharpening is 
done on special machines designed to provide maxi- 
mum ef f iciency^and a longer life for the drill. 

The majority of holes that are drilled are 
smaller than 1/2" in diameter. To meet this need 
the manufacturers have produced a number of stan- 
dard drill sizes smaller than 1/2" in diameter. 
Fractional size drills are available from 1/61" 
to 1/2" and larger in diameter in multiples of 1/64". 
Number drills, from ^1 to ^^80, provide eighty dif- 
ferent drill si^es to supplement fractional sizes 
smaller than 1/4'* in diameter. Letter size drills 
from A to Z supplement the fractional sizes from 
1/4" to 1/2" in diameter. These three standard 
drill sets provide over one humdred and thirty 
different diameters which may be used by the machinist 
today. 

Straiaht shank drills with carbide tips are recom- 
monded for higli-prcniictiorx drilling of cast iron; 
cast steel, and nonferrous materials. They are 
'^ot recommended for drilling steel. Carbide di** 
drills of the straight-shank type are recommended 
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for usQ in drillinq hardened steel in the range 
from 4 9 to 6 5 Rockwcll-C hardness. Holes may be 
drilled v.'ithont .^nnealincr the metal. A steady 
hand feed \;ith a aood flow of cutting fluid 
should be used at a cutting speed from 75 to 100 
RPM, 
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'^ITLP: Speed?-, ^ooAs^ ^^^r Orillinc] 

nrills nn^ Orillinq Processes 
OCCUPATION: :iachini st 

OBJFCTI^^F: '^o aco\ninh tb.n stu^lcnt with the proper speeds 

and fecc^s I'or different tvoes of materials. 



r^^CPD^TCrS : 1, .^^nc^ernon-'^'atro. Shop/"h(^rv. New York: 
McCraw-^Pill ?,ook Co^/fncr'*" 
? . Rurahart-.^:^elror^- Anderson , Machine Tool 
Operation Part T . Mew ^'ork: ^'cCrav;-Hill Book 
Co • , Inc • 

1 . Porter-La scoo->^el son . i^ach ine Shop Operations 
and retnr?: . ChicaaOr Illinois: American Technical 

socicV^ r ' 

IMTRODUCTIOM: The feed of the drill bit into the metal varies 

accorc'ina to the hardness or softness of the material 
beinq drilled, '^oo nuch feed can cause a damaged 
drill or v^ork piece. On a pov;er operated dovm 
feed c^rill nrens t^o ^eor'' can be set to a certain 
depth per revolution. Charts in text books with 
rcconncnc^ed speed and feeds are available • The 
food in oxnressor"^ in surface feet ner minute, ""he 
spccT"^ is expressed in revolution per minute* 

INF0rj-7\TI0H: S^'^^^^P ^^^P PPTT.LIMP 

'^he spee^ o^ a cVill is usually measured in terms 
of the rate at vhich the outside or periphery of 
the tool noves in relation to the work being drilled* 
'^he conrron term for this is ''Surface Feet Per Minute*' 
ahbreviatof'^ to r.'^.!*. '^hc relation of S.P.F. and 
^evolutions ^er '^in\itc, or P.P.T. is indicated hy 
the follov?ina formulas : 

= P.PJb X e.rill niam. in Inches 

P.P.i:. = i:: cutting Snoed 
Prill niameter 

In rieneral, when ooeratinrT a drill at a speed any- 
v;here \/.ithin its ranne ^or the ^articular material 
involved, increases in r.eoed result in fewer holes 
!:o'*nrp crindi nn becomes nocessarv and reductions 
in spcer"! ncrnit irore h<^Vs before the tool is dulled. 
As !\ result, on e\'erv ^nb there is the problem of 
choosine p sneed vhich v/ill nerrit the highest rate 
of pror^uction v/itliont entail inn excessive drill costs 
or do^^n-timc for tool sharoenina. The most efficient 
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BEST COPY AVAILABLE 



r;r)oocl -"or r'»^rrat:in<: n '""ri]! '-.-ill rJcrcnrl on many 
vari p' lor.., r^omo oT vOiich arc lif.to''' hclov^: 

1. Coninonitinn and hardnosr, of material • 

2. Denth l^ole. 

?i. rffiqionQv of cutting fluid. 

•I. "Type and condition of drillina machine. 

S . Ona li tv o^ holcn dG5=5iro«^ . 

^ . Pi^^icnltv of r:et-\io . 

Snoed.n s>70v;n in the follov7inrr table indicate 
the aorroxinnto ranac for efficient operation 
\mder norrvnl conditionsS. most jobs, adjustments 

^ror> thn?o snoods v^ill be renuired to roach 
ponk of f icicncv. 



^^^7!^FIAi. SP^.Er lU S. F. M. 



Alln" retool "iOn to -lO" Erinnel 


20- 


30 


Stainless Steel 


30- 


AO 


?ool Rtoel, 1.2 Carl-jon 


50- 


60 


Stool to .'j Car'mn 


70- 


SO 


f'il'1 M.achinory Stec] .2 to .1 Carbon 


no- 


110 


Ilarcl Chillcl Cast Iron 


30- 


AO 


f'Gdium Ilarc"' Cast Iron 


70- 


100 


Soft Cast Iron 


100- 


150 


!'nl]oah]o Iron 


RO- 


90 


Monel Votal 


AO- 


50 


Ilifih '^onsilc Strennth Bron-^e 


70- 


150 


OrcUnarv prars an^? r.ron7.o 


200- 


300 


Aliminuin and its allovf? 


200- 


300 


f'aqno.siurr anfl its alloys 


250- 


400 


Slato, "arblo, anri Ftono 


15- 


25 


Bakelitc anrl similar material 


100- 


150 


Uooc' 


300- 


400 



* The abovo table is for the use of Iliqh Speed 
Drills - i^ Carbon .^teel Drills arc used the speed 
should be 40 to 50 nercent of the speed listed. 

rr.Fns fop ppir.Liijr 

'^he food of a drill is aovorned bv the size of the 
tool and the material drilled. Since the feed 
partially determines the rate of production and 
also is a factor in tool life, it should be chosen 
careful Iv for each particular job. In aeneral the 
most effective foods will be found in the fo*llov;inq 
ranac: 

DP ILL ^IA^T'^F^, fpfp im impf^es pep 



Under 1/? 
l/P to 1/A 
1/^ t-n 1/? 
1/? to 1 



P^VOLOTJON 



roOl "to"" .""002 
.002 to .004 
.00/1 to .007 
.007 to .015 
.015 to .025 



1 and over 



BEST COPY AVAILABLE 

T'wist Prill Failures 

Drillr ancl Drilling ^^rocesses 

•"Machinist 

To acntiaint the studoph v/ith twist r'rill failures 
anr their causes . 

1. Anc^'erson-'^atro, Shop Theory > New York: McGrav/- 
l^ill ^ook Co, , Tnc. 

2 . norqhart-Axa 1 ror^. , Pa chine Too l Opera tion > 
Part 1. r^ev; Yor); : McCraw-nTll Pook Co ^T' Inc. 

3 . Portcr-Lar^coc-Nelson . Macliine Shop Operations 
and S otuos > Chicacro, 111 : American Technical Soci- 
etVr"" 

Twist Drill Failures and Their Causes 

1. Drill Breakaao: 

Caused by - spring or backlash in press or work 

- too little lip clearance 

- too slov^ speer^ in proportion to the 
feed 

- dull drill 

- improper chip clearing by drill 
(clogging) » 

2. Broken Tana: 

Caused by - iiDpcrfect fit of taper shank in the 
socket r due to nicks, dirt, burrs, 
or v^orn-out socket. 

3. Breaking r'own of outer corners of cutting edge 
or lip: 

Caused by - too much speed 

- too much lip clearance 

- improper cutting comoound 

- no lubricant at point of drill 

- improper chin clearing by drill 

- material being drilled has hard spots, 
scale or sand inclusions. 

4. Oversize Hole: 

Caused by uneoual anale of point 

- unequal length of cutting edge 
~ loose sDindlc 

- wrong drill (check si^^e before using 
the lant fellov; ma^/ have put it in 
the wrong location.) 
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Rou(]h Hole: 

naxir.oo by - dull rviii BEST COPY AVAILABLE 

- in^^roporl'^' arounrT drill 

- v;rona In^'ricant, or lack of lubricant 

- ton nuch pros sure 

- too nuch f eo^** . 

Splittin<; up rontor: 
Caiircd bv - too little lip clearance 
too much feed. 

Chocks or crackn i!i cnttincr ec^aet 
Caunod by - over heated drill 

too auicklv cooled while sharpening 

or drillina, 

i:ar'-'in chips: 

Causec' bv - oversijje jig hushing 

- mishandlin''T in ntorace or use, 

Prj'Jl will not enter wor^: 
Ca^^F^-C by - dull drill 

- too pmall lip cJearance 

- vrp^ too '.oav^- 

- material oxcor.sively hard 

c-iip rprr'^'c '-'^tv/oen drill point 
on-"' ••'•"o-!: 



Pop ' t chf'^n'^o belt with r><^tor running. 

Don't', tr^' to holr'' vor)' hrr)r^ — nr^t. a clamp or 

v5 rr . 

PonV- force the drill — ^•ou vdll dull or break it. 
nrp't try tn sto.-^ rnvolvinq vor^- — a broken 
^iriJl in cho-^per than a h*-e'-on finger or hand^ 
Pon't take clirnccs — if ^'ou arc not sure^ ask 
your superior. 

Pon't 'v/ork harden'' the drilled hole bv usino 
too <"ine a food or a dull ^""rill — subsequent 
ur.e of a tap or rearper v;j 1 1 result i.n damaqc or 
breakc^ao. 
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TITLF: 
UNIT! 

OCCUPATIOriJ 
OBJECTIVE: 

REPERE NCR : 



lOTPOnilC^IOlT: 



ItlFORTir.TIOW: 



BEST COPY AVWIABIE 



SpcGc^n, ^oGfln for Peamjna 
Pcaninn Processes 
Machinist 

To acauaint the student with the proper speed , 
feed and amount of stock removal v;ith machine 
roair.ors . 

1 . Ander son-Ta tro . Shop ^heorv . tJev; York : 
ncrrav;~!^i].l nook Co., IncT^ ' 

2. I'c^'arthv-Snith . Machine ^ool Tochnolog)^. 
Eloomina^.onr Illinois^'"' "'"^cKnicfht and^JlcKnight 



PuMisHinci Co. 



Eeaminrt is used to obtain acctirate ni?.od holes 
v/ith a STTootb finish. Accoracv eind finish can be 
o'-.tainor"* bv nsino several driJls in successive 
or:;cr rnr^ nt-.onincr the cuttina odae of the final 
'Vill. 'T^hic Tr:othcd in tino consunincr, and care rust 
1)0 vr>^r fo obtain the same roru Its as roaming, r.camers 
v;hic^l: .'irr dovtt '"'rivon arc called machine reamers, 
roobjnc roanincT is fast and sufficiently accurate 
for most of tho work ^''one in a machine shop, 

RPET^ns 

Tholnost efficient speed for machine reaming is 
closolv tied in v;ith the types of material being 
reamed, tho ricidy of the net-un, and the tolerance 
of the finish roauirod. Onite often the best 
speed is found to lie around t\vO~thirds of the speed 
user» for drilling the same material. 
A lack of rigiflitv in the set--up may necessitate 
slov^er speeds, while occasionally a very compact, 
ricid opcrcition may permit still higher speeds. 
When close tolerances and a fine finish are roauired 
it is usual Iv found necessary to finish ream at 
considerably slov;or speeds. 

PEEI\9 

In reamina, feeds are usually hiaher than* those 
used for drillina. The amount of feed may vary with 
the material but a good starting point would be be- 
tween .0015" and .o64* per flute per revolution. 
Too lov7 a feed may result in glaTiing, excessive 
wear, and, occasionally, chatter. Too high a feed 
tends to reduce the accuracy of the hole and may also 
]ov;c)* the (tuplitv of the r:n5r.h. 'rlio basic idea i.s 
to ui-e a5> hinh a food as posi::hle and still produce 
the required finish and accuracy. 
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Tor ninilnr roVr.onSf insufficient stock for 
reaminn nav result in a burnishing rather than a 
cuttincT action. It is rU^ficnlt to generalize on 
this Phase f as it again is closclv tied to in vrith 
tvpe of rr.ntcrial, feed, finish rcauirerl, depth of 
hole and chip capacity of the reamers. For 
nachinc rcamina, .010" a 1/4'' hole, ,015" on a 1/2*' 
hole, un ^.o .022'* on 1 1/2" hole, seems a good 
startini point. 
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IHPOnMATIOn 

BEST COPV AVfttLABlE 

TITLE: Sinole Toint Cuttino Tools 

m!IT: Lathe V^ork 

Pachinist 

"^o acauaint tho ntudcnt v;ith the correct angle ^ 
shape of the tool, siaoothness and the selective 
of the correct typo of tool for the material 
to be machined. 

PEFFREITCK : 1. Andcrson-^Tatro . Sho p Theory > Hew York; 
McGrav7--'iill Book Co., l"nc". 

^' Hov^ to Run a Lathe . South Hend Lathe Work* 

•T'he cutting efficicncv of the single point 
cutting hool is tho, responsibility of the machinist. 
r?ho ruttina tool cfficioncy is judqcd by the tools 
ability to remove material, tbc quality of the 
finish r tho amount of machining achieved by the 
ciittinq tool bofore regrin'fing I.^ecomes necessary. 

The grinding of a lathe cuttlncr tool involves 
considcr-'tion for tv7o typen angles: clearance 
angles rnrl raho or cuttina anales. As the name 
impHcr. clearance anelns aro provided so that the 
cutting edge can be brought in contrast v/ith the 
vrork surface v/ithout interference from the body of 
tho too]. Clonrancc ana] op arc ground on the 
fronh ot tho tool vy\<'^ on tho side of tho tool 
V7hich 5r hoing fed into tho v^ork. Those angles 
do not fT^fect t^o. cutting r'^tion of the tool. Thoir 
sole function in to provido the neccs?:ary clear-* 
ance to the ruttina edge thout sacrificing 
strength. 

Tho rnke angle on a ]atho tool determines how 
tho tool will rut ?nd tho shape and direction of 
tho chip. These rn^los varv v.'ith the m.aterial 
beina cut. For turning bra.^r. v.'e use a tool that 
bar? no side rake, since side rake vjould cause the 
tool to "dig in" an^"? tear the material. A tool for 
tifrnincT steel rrnst have considerable side rake to 
reduce the tremendous cutting pressure t caused by 
this harder, touahor material. 

'^a!->2os of rccommonc*cd clearance and rako angles for 
n^-^chinincT tJic vnrious r.otorials are listed in most , * 
tn>:t ]^oO'-n c^n''' handbooks. In the actual grinding 
ov^ration tho no\7 rpchinint student v/ill find it 
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nocos.nry, at firsf:, to uc. . BEST COPV AVAILABLE 

tool oaqc to c'lecJ- ^r^n ® protractor or a 
practice, t:^o.:'^l,T^^^'^^itJ. repoat^J ^ 

can he olip,innted. 
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RELATED 

iNFORt^ATiON BEST COPY AVAILABLE 



Methods of Holciinq Work in on a Lathe 

Lathe 

Machinist 

To acquaint tho student with the different 
methods of* hoLclinq v;ork in the lathe while 
being nac^iinc i , prooer speeds , and feeds to 
use while operating the lathe • 

1. Anderson -Tatro, Shop Theory. New York: 

McGrawHill Bock Co./ Inc. 

2. How TO Hiir: a Lathe, South Bend Lathe Work. 

The rachiniGt r'i-^eds to knov; the different methods 
of hol'"'i-^, T ir; lathe and how to calcu- 

late his speed and feeds. 

7\ny rwsich'^nir.'j iob involves five steps before 
compietina. '."hone steps, in general, are the 
same for al] r-i.-^chines : 

1, Mount i no or holdinq the work while it is 
beina r^achinG^d. 

a. }?.otv;oo.^. centers. The work is supported 
at each ond by concal points called 
centerr: • 

b. a ':h'jck. One end of the v;ork is held 
b^' tho v^vs cf the chuck. The other end 
i j; oxr.osed for machining. There are two 
type*^^ of chuck?: - three jaw combination 
v'hicli i.s sel^-centering and four jaw 
type in which each jaw is independent 

of t.he others . 

c. Fcico PlatG. The work is bolted to this 
dcva . 

d. CclIr t.-:«. Ho If -centering holding devices 
upec or:n'i^rilv in production work • 

2. Selort": ^".cT an^"^ Sr-ittina Proper Speed. 

Use fc'r:H:lc\ to ^ioterir^ine the proper Speed: 
n.iW. = C.G. = Cutting Speed 

n " D. = Diameter of 

work 

:\'<'i . : '1^-^ : : oc-ns are usually qiven on the 

r:ac^^:or:. "'^ora are .listed inside the head- 

• ^' - • ' ' /»c: on { '^^ ho^dstcck cover. 
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fu'lcrt )pr rin.i f'-tlinq proper Foods. 

' r 1 > -(..-ir ore roconmonded on lathes: 

• Oir>:' o.ii rcvolaLjLOn for rouqhing cuts; 



and .00 38" per revolution for finishing feed. 



Selectina and Mountinq Cutters 

A cutter is selected for a specific operation 

or cut to be made. For lathe work these are 

called: 

1 . Round nose turning tools 
2 • Facing Tools 
3. Threading Tools 

T.athe tools or cutters should be mounted "on 
center" and ronahly perpendicular to the face 
b«?ing machined* A cutter is "on center" 
when the top or cutting edge is level with 
the centers of the work. 

i^!easurina . 

This is done both on the machine and with hand 
measuring devices found in the tool trays. 
Then the inicror-'oter is used, measurement is in 
tho\ir?andths of inch. The measuring devices 
on the machines, except for the drill press, 
read in thousandths also. 



RELATED 
INFORflATION 



Borinq on the Lathe 
Lathe \lork 
Machinist 

To acouamt the student with the boring opera- 
tion on the lathe. 

1. Anderson-Ta tro . Shop Theor y « New York: 
McGraw-Hill Dook Co., Inc. 

How To Run a Lathe, South Bend Lathe 
Work^. 

Borinq is an internal turning operation. It is 
possible to turn a oi.aneter, cut a thread, taper 
or chonfr^r, or perrorn any operation internally 
that can bo per Lc mod externally on the work 
piece . 

The principle of slock removal does not change 
whether it is external or internal operation on 
the v:ork r)ieco. The iT«cverr.ont of the crossfeed 
screw i:^ rov-^irsted for boring operations , the tool 
bit murit be Iv.iid in a spcoia] tool holder tnat 
wil] por^it It to be ferl deeply into a hole. 
The tccl })it r.vost have more front clearance to 
avoid rubbina . 

Holes \hich are to bo bored are usually roughed 
ouL with drill held ii\ the tailstock. The 
borinq tool Ir; rolaV.ivoly srrinqy, therefore the 
hole is drilj.od as large as possible r with a core 
drill, loavina a minimm of stock for boring. On 
canti)\qs holon are cor(^d that are to be bored to 
save uirne in the machinina. 

Borinq roa'^iron a greater skill on the part of 
the rnacl;inist than doe?^ external turning. He 
must be able to te3 1 by the sound of the cut, 
the condition of the chip and the condition o£ 
the tool how hf:e OY^eration is progressing. 
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title: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

REFERENCE: 



Types of Tapers 
Lathe Work 
Machinist 

To acquaint the student with the more common tapers 
used in machine tool work. 

1. Anderson-Tatro . Shop Theory » Nev/ York: 
McGraw-Hill Book Co., Inc. 

2 , Axe 1 rod , Aaron , Machine Sh op Mathematics. 
New York: McGraw-Hill Book Co., Inc. 



INTRODUCTION: 



Taper is the difference in diameter for a unit; 
of lenqth of a conical piece of work. It might 
also be considered as a uniform rate of change 
in the diaretors of a conical piece of work. 
Several ipachincs in the machine shop that have 
revolvinq spindles which have tapered holes into 
which the tapered shanks of drills, reamers, cen- 
ters, and so forth, are fitted and securely held 
in place by the holding action of mating tapers. 



INFGRTIATION 



TYPES OF T/U^FRS: The following are the more com- 
mon types of tapers used in the machine shop. 

MORSK: The Morse taper is the most common at 
the standard machine tapers. It is used on most 
taper-5han]:ed drills, roamers, and other taper 
shanked tools used on larae drill presses and lathes, 
There are eight sizes of morse tapers, numbered 
from 0 to 7 r 0 being the smallest and 7 the lar- 
gest. The norse taper is approximately 5/8" 
per foot. 

BPOW: AND CTiAPP: The Brown and Sharp is a standard 
form of taper that is ustnl mostly on old style 
millino machines and tapered shanked and miils. 
There are IS size^ of the Brown and Sharp tapers, 
nnmhorr^d frci,^ 1 to 1 8 , v;ith 1 being the smallest 
and ]R boin<T the largcrt. '^he amount of taper is 
1/2" per foot. 

JARMO: Jarno taper is s**nndard form of taper 
that mav be found on some special purpose machines. 
Thorc are 2^^ si^o" -^^f Vr^^ da roc taper ranaing from 
1 i:^' J . ; ; J. ', ..i:;ciLaciSt and 20 the lar- 
gest. The- amount of tapc^r is .6 00'' per foot. 
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KTArrARD r^ILLinr '^^ACITP'!^: The standard milling 
machine taper i.s usorl in the spindle of most 
late nodcl milliner machines and on the arbors and 
adaptors for thene machines, There are four stan- 
dard sizes of tliis taper numbered 30 the smallest/ 
AO, 50, and 60 the largest, Tlio amount of taper 
is 3 1/2'' per foot. 

STA^.TAHD' TAP^R PIT! : ~ -^^aper Pins are TisGd to ari<3n 
or hold parts toaether. They are preferred to 
Gtrainht pins where thev must be removed from 
time to time. There are 14 sizes, numbered from 
0 the smallest to 13 the largest. The amount 
of taper is 1/^" per foot* 

TAPER FOPJIULAS AND SYMBOLS: The amount of taper 
is usually specified either bv the, taper per foot, 
by the lenath of taper and the diameters at the 
ends of the taper , or by degrees. The follov/ina 
formulas may be used to make most taper caculations. 
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TITLE : 
U1>IIT: 

OCCUPATION: 
OBJECTIVE: 

REFERENCE : 



iNTnonucTion: 



IVFOPuWIO^!: 



Taper ^orr.iulas 
Lathe VJork 
riachinist 

To acquaint the student v/ith the symbols and for- 
'mulas used when ir.akinq taper calculations, 

1 . Anderson-Tatro . Shop Thepry > New York : 
McGrav;-nill Book Co./inc, 

2 . AKolrod , Aron • ?:l^J^hine^ Shop Matheiria±ijc£. 
New York: McGraw-Hill Book^CoTrYnc . 

The stu^'Icnt must know and understand the symbols 
and formulas for tepcr calculations* He must be 
able to make ca.lculati ons for the tailstock off-set 
method and the taper attachment. 

SYr.BOLS T-f-ED: 

Lt = Length of trper in inches 
Ls - Length of entire workpiece 
n = ^iargo diameter 
(*! = Sror^ii dianctcr 
fnrj_ -«pr^or per inch 

Offset Tai] stock sot over in inches 
TPP= Taper per foot 

TPI =^ ^-d 
Lt"" 



?PF 



r-d 

Tit 



xl2 



mpT? y 

12 



Lt = 



n-rl 



12 



Offset = X TPF 

12 2 

Offset = IfG X D;d 
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ocatrjv'^ioi;: 

REPEPRMC?:: 
ItJTRODUCTIO?!: 



iriForJL^Tior^: 



Hcc^'»anical Accessories- -Fas t<r*ners 

Screw '^hrear'ls 

Machinist 

To aconajnt the ntudent vith the rlifferent types 
of fnstoners or holrlinq c''evices used in the 
nnchino shc^. 



rastencrn iray ho classified as cither permanent 
fasteners: like rivets , or movrble fasteners, such 
as boltr., ccre\7S, anr^ kevs. I'lovaiDle fasteners 
are ^-^ost un.r'elv used in a pachine shop. 

I3olts-~!Texa:Ton-Iiearl or sruare^ }ioad bolts for 
crennral fastenino numosos, "^hc length of bolts ^ 
is alv;ayr> given fron under the head to the point r 
and the Icnath of threaded portion is given fron^ 
the point. 

|vetscrev;s---'^hc puri-^oce of cetscrev;s is to prevent 
notion hctv;eon tv:o parts, such as a pul lev on a 
nha^t. Fct5r:rc\^r^ arc made vritb either headless or 
\;ith sauarc hCr?.ds and witli manv point shapes. 

Caoscrc''s--'"'hore are six standard heads for cap- 
scfcv:r: r namely : hcxaoon head , f lathead , button 
head^ fillister liead, hexaaonrl socket head, and 
fluted s:oc):etv 

rachinc Screv;s--rachine screv/s differ from cap screvjs, 
chiof.lv in that they are snaller. Machine screws 
are adantcd for use with r^aterials of thin section. 

I'eys--j:ovs arc used to transrit positive motion 
hctv'oon shafts and utilleys/ cranl: n . etc . 

T^noer •''inc — Taper pins arc used in fastening hubs, 
co'llnrs, lir^nd v;hcels, etc., to shafts and generrllv 
for oartn v;hicb TMist be separated frequently. 

Dov;el rin3--rov;ol Tins are used to maintain initi^J^ 
aliannent bet*-.'oon parts and to prevent any side- 
wise rov^-^ont !)etv:ocn parts. 
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•* ••'-.rvA'^lOMj 

RErRnBMCr.f!: 



INTRODUCE lOK 



•TKRMS: 



'^o accrnaint tha stndont v/ith the tiorms that 
aoplv thG A':ic5rican National Scrov; Thread 

Andcrson-^'^atro. Shoo ?heorv. nev; York; McHrav- . 

nook. Co., Inc. Burahard, r. D. .J\xclrod, 
Aaron and .^ndcrson* Jamen. I!ach3ne Tool Oper- 
ation Part 1. r^o.v; York: McCrav.MIill Book Co^, Inc. 

7hc An^er5can rational Pcrovf ^T^Iircad forn is t'-jo 
jToct coTr»T?on screw thread forn used in this country. 
The thro.e sorjcn of this thread arc the Nationrl 
Courro (!TC) . "ho r^iflreronco hoina the nryr^h'ir of 
thrords nor inch. ?he foJJovinrr tcmn relate 
to the American rational Fcrcv* •?hrcad fom and 
most other screw tharear' forms as v?ell. 

Scrovy Threajl — A ridoe of uniform section in 
the form of a heli:: on the external or internal 
surface of a cvjjnder or cone. 

^.xtemal "h,read[ — Thread on the outside of a member* 

Internal Thread — Thread on the inside of a cieinber. 

yaior r^iairoter — The larcest dieraeter of a scre\f 
thread. 

Pi_tch Manetor — The diaireter of an iinaginary 
cylinder or cone that wuld cut throucrh the 
threads at such points as to nahc eoual the vidth 
of the threads anr^ the »'idth of the spaces cut by 
the surface of the cv]in'^e*r. 

Crost — The top surface joining the two sides of a*" 
thread. 

Poot — The ?>ottOTr of the surface joining the sides 
of a thread. 

Side — The surface of a thread which connects the 
cro^t v*5 th the root. 

rv^ntJi of '^hre^;^ — '^he distance hetween the crest 
an'1 base of the thread* 
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Lenolih of cnktaqeinent: — The lencrth of contact 
betv/oen two patinq parts, monsnrerl axially. 

Fit — "^ho relatinnr,hip of tvo iratincr parts v/ith 
reference to ease of a.ssemblv. Pour classes 
of fit have been establishec^ by the National 
Screv; Thread ^■'^■^Tnir.ission for the purpose of insuring 
the interchancTC.ble rc^nuf?cturc of scrov; 
threads in thin country, the number and corres- 
ponding Cits are as follow: 

>Jo. 1 Loose ^it b'o, 3 Medium fit 

?lo. ?, rroG ^it No* 4 Close fit 

Finer Hiametej: — The smallest diameter of a screx-; 
thread • 

PiJ:5ji — "T^he distance from a point on a screw 
thread to the corresponding point on the next 
thread measured parc^llel to tlie axis. 

Anqle_of Tliroa/^, — The anale included betv^een the 
sider. of the thread measured in an axial plane. 
The tliread anale of the i^merican National Screw 
'^hread ^orm is r,o deqroes. 

Helix .^nole — '^he anqle made bv the helix of 
the thref^d at the pitcli '■liamoter v;ith a plane 
porpenr^icular to the axis. 
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Screw 'Tihrcad Formulas 
Screw Threat! n 
ftachinist 

To acquaint the student with the formulas used 
in »T\a)cina calculations for cutting screw threads* 

Axe 1 rod , T- a ron . ^^ph ine Shop f^atheTna tics . New 
York: !-^c^r-3V7-Hill RooV 00.'/ 'incT 

The follov/ina formulas anply to the three series, 
nCf Tir an^*' -'"S of the /^irorican national Screv; 
ThrearT forn>, 

P --Pitch 

Sn--FincTlo Peoth 

DD — nouMn r»coth 
C -—Crest 
R — Poot 

N --IJuribr.r of threads per inch 
'"HS — Tap c'rill size 



FOr'lULASr 



P= L;?^'' 
SD= ^^4^9 5 

N 

DD= 2?>r> 
C= p/8 
R= F/S 

Minor dian^ctor = Major diameter - DD 
Pitch niameter = Major diameter - Sn 
^ns = ^^ajor diameter - 1/N 
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TITLE: 

:>ccupation: 
?pj>:ctivj:: 



BEST rOPV U^'flliABlE 



The Rotary TnM.o an^*' Itn Uro 
Hiliinc? ^\-tchinG 
'^achinint 

To acruaint tho stnr^ont with the rotary 
tabic anc^ itn many uror5» 

nuraharHt-.^xelrO''''-"nderron . !!achine Tool 
9?r/*^t^i^" ^L* McCrav7-nill Book Co. 

T'otarv ta'^los are intecrral eauipmont on slot- 
torr or ^'ortical shapcrs and auxilary equipment 
for vertical millinrj mpchines anc! jia borers. 
Potnrv t.ahlor, aro nlso nnccl O'^casionally on hor- 
izontal I)n; jnn millr, mil J ina macliines and drill 



II!ronr:A7I0rT: ?horo aro only ^onr func'ament'.nl applications. One 
is the nf'c*-:inincT of circular contours anrl grooves . 
Another tho locntino anrl finishing of surfaces 
nt an anqle to .somo othpr nnole. The third appli-" 
cation borinq holes at anoiilar locations. 
rinnl]y, the rotarv table is erployer^ for divi- 
sional PT•^acjna liko the index head. 

flost rotarv tables can he fastened at any posi- 
tion on t'^e niachino table. A few have auxiliary' 
pov7orfced connoctionF that poririt only limited 
freodon. r!or»t tab]er rely on the handv/hoel 
for tho source of rotarv movonent. On the ver- 
tical shaner and slottcr the rotary section is 
integral'. It has been substituted for the table 
^ and fitted to the saddle by the cross-slide. 

In this v/av, feed in three directions can be 
obtained? front to rear, crossv;ise and circular. 
Vertical shapcrs likcvrise usually have pov;erfeed 
in these directions. 



Sometimes ''circular" tables, as they are sometimes 
called, are clamped to tall anqle plates of'knees. 
Tables are most often used in this v/ay or the 
horizontal borinn miJl. T*7hen settinos other than 
90 dearees to the base are reouired, some plates 
are placed under them. 

Rotating tablcn have relatively simple mechanisms. 
Comnorcial r,5.7:os aro 9", 12'\ 1''*, and IB". 
Laroer tabJos of different r.i?,or. are usually 
supplied directly by the machine manufacturer. 



1 



In many cases these are adaptable only to one 
machine • Provisions is made on most tables 
to "throw out the worm'' in order to make quick 
adjustments manually. Some have the handv;heel 
replaced by a removable crank. A few are made 
so that the familiar index head dials may be 
attached. 



2CUPATI0N ; 
OBFEP-EHCPS 



■.NTRODUCTIOM: 



IKFOrmTIOM: 



PELATED 
INFOPMATION 



Operation of Shaper 
Shapcr 
Machini.st 

To acquaint the student v/ith the type and size,* • . 
methods of mounting v;ork on the shaperr adjust- 
ment of the length of stroke, and speed and feeds 
to be uscc^ . 

1. Anderson-Tatro. Shop Theory. New York: 
McCrav7-Hill Book Co., Inc. 

2. McCarthv-Snith. Machine Tool Technology. " 

Dlooninqton r Illinois: McKnight and McKnight Pub- 
lishina Co. , * 

Shancrs are prinarilv intended for ma'chining flat 
surfaces but can be used for machining many kinds 
of curved, odd, or irregular surfaces. 



BEST COVf fHf^ 



1. 



2, 



3. 



4. 



Types and sizes of shapers 

A. Types 

(1) Horizontal 

(2) Vertical 

B. Sizes are c'otermined bv maximum length of 
stroke 

Methods of mounting v;ork 

A. Work is hold in vise when possible, "Parallel 
bars are placed under the work to properly* 
position for machining. 

B. Work rr.av be clamped directly to the table. 

Adjustment of stroke 

A. The length of stroke is the distance the 
tool moves in one direction for any given 
time, n^he proper length of stroke for any 
given job is the length of the v;ork plus 2 
inches. Various lencthn of strokes arc 
available on shapers. 

Selecting and setting proper speeds and feeds 

A. '^he spend to use on any given job can be 
dotcrpincd through calculation using the 

f ol] ov'ina f ornula : v . ^ 

S.P.i'. ^ rwr^*;) C.S. = cutting Spe'ed 

* " ri^" L. ^ Length of stroke 

( f»n ' ^or r vcol ) 

B. Feed is oxprdssed in thousandths of an inch 
ner stroke 

----,_„ClJ__Pou nhincT cu ts use .040"-. 050" per stroke. 
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3£il tun hti/,(UlBLE 

(2) Finishing cuts use •010"-,020" per stroke* 

5, T'he cnttinq tool should be held at right 

angles to the face being rachined. V7hen "dov/n 
feedincT " the cutting tool should be placed so 
that it pro'joctr. '^cyond the sides of the clapper 
box and npproxiratcly 4 5 decrees v/ith the face 
being nachine^-''. 
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FOPJlhTKr:: 



Shaper Operations 

Shaper anc^ Shaper Processes 

•Machinist 



To acauaint the student v;ith c'ifferent operations 
on a sharer that p^ay he accoirolishcd on the shaper. 



?!ie terms part^na, crttino off, slitting, slotting 
and croovinr arc often used synonvrously and 
r;on>otino^ rathor Jooso'v. 'T'^Toir definitions are 
not established and tho rnchinist ric".y have some trou- 
ble inalcjpc' a dintinction hctvcon then, 

Partina-r/^>- tinf' or cutl-inq of^ is the j^rocess of 
separa'tin'. or cuttino off naterial. Although it 
is possi'oio to cu'-. uithin a fcv/ thousandtl^s of the 
desired lonnth, ^.^rtinq .is not usually considered 
an accnrafe procors, '^hc ncirrov; parting or cutting 
of^ tool i r> <'e^'' '"'ov^n vertically into the nateriaJ. , 
and each r\ircco''*-i nq strode of t'le tool cuts deener 
into tlie riotal until tl)c rarts .ne separated. 

Sli ttinq^.'^littincj usually in^-^lios a narrow cut. 
The cut ^T:'- he an^^ lonrth, r^cer^ or shallov/, 
S]itf r^iiorl-'^ not. oo too deep ^"ocanse of the diffi-- 
culty cncountcre<^'' ^-^hrn a deep r.]jt is being cut v;ith 
a narrov; ^ooT , S^livtinr; thcrefo^^r, is r^achining a 
narrov; cut not over ^/IG' \7ide anri does not coir.pletly 
sever or cut o^f tl)e iretal . 

.Slottijv^-n ott j nr: is usually understood to indi- 
c?to on o^ oninr t^^at i ri rr.or-o than \;ide, A 

slot n>a^* ^v)ve one end onen, both en'-s open or both 
en^'^G cloT-r-r. 7he sideri of the cnt pay be straight 
or slopina.^ '^ho slot ray bo cut in one or)cration 
\;j th a tool cut to the, r^esi ro'-*' vadoth of the slot. 
If the slot is ^-kr>n tho tool, the tool^.can 

be set to c\it do^^n nno n-i'lc o<* tlie slot, then* raised 
and sot ^o food dov^n to conplete the second side of 
th^: slot. "Tf i-i^o rl'^t is rroro than tvnce as wide 
as t^o tool , tho rontor r<m cut before cuttina 
dov/n Ih^ r^''Vr>. tho riot i^ uonm^'^' 1 Iv v»ide 

an<'"' doon , a pl1^-l}^^^r of -rnl r> ''*c»n ho t^'^^'^on v;ith a 

^ »-j f-nrvT -1.^ tho r^*r-n^<' ^^o^p 1 , ^'r^T fhOH the 

ton.1 s • 



vovvn^s-T'ov* 'pvr» a>-<^ s'^ots vhirh are cut to a 
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standarrl wirlth anc? r!ep th to receive rectangular 
blocks or keys. 

Groo vi na - Cr oov i nq should be consic'ered the process 
of cuttina a shallov; slot, Snch cuts may bo 
square, rectangularr v-shaped or circular* Grooves 
can act as reservoirs for oil or for channels 
for the distribxition of lubricant/ or they may act 
as channels v;hich aid in disposing of dirt or clips. 
Sonetines a groove is cut next to a shoulder as an 
aid in grinclinq, 

Serrating -Serratinq is 'the process of cutting a 
series of cnually spaced grooves upon the surface 
of a work piece. The main reason for serrating is 
to roughen the surface slightly and to increase 
its holdina pov/er, although it is freauently used 
for ornamental purposes* One special use in the 
machine shop is to lessen the effective area of a 
working surface, such as a lapping plate. The 
grooves nay be cut perpendicular to each other. 
The plane surface bounder^ by the grooves will then be 
rectanoular or sauarc. If the grooves cross each 
other at an angle other than degrees, the area 
will be diamonc' shaped. 

While the shapes of the grooves are not standarized 
they are usually v-shaped v;ith a flat or rounded 
surface at the bottom of the tv;o tapered sides. 
The depth and distance betv^cen the qroovcs cleterm.ine 
the size of the flat surfaces. Lard oil or other 
suitable coolant, applied v/ith a brush, v;ill help 
the cutting action and improve the finish. 
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TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

REFEHEMCE : 

INTRODUCTIOri: 

INFORMATION: 



Spur Gear Terminolocjv 
Millina ^'achine 
Machinist 

To acaunint the student with the r?efinitions and 
termo that arc coirron to npur cears . 

Anderscn-Tatro, Shoo ^ heorv , Nev; York: McGraw- 
Hill Book Co. , Inc\ 

?he machinist must ho familiar v;ith the terms used 
to describe ocars, so he v/ill understand the methods 
used for desianing, calculatina and cutting gears. 

Parts of a Spur Cear: 



1. Spur ncar--A aear v/ith teeth cut parallel to 
the axis of rotation. 

2. Adriendum — 7ho di.stonce from the nitch circle to 
tl^o. top of the tooth. 

3. Pedondum-~Tho dictanco from the pitch circle 
to the bottom of the tooth, 

4. Outside nian^etcr--The over-all diameter of the 
acar . 

5 . Pitch ni an^ctor---'^ho diameter of the pi tch circle • 

6. Pitch Circ]o~~Thc circlo made by the line of con- 
tact of tv;o cvlindcrr \:!iirh v;ould have the same 
speed rv"ltios aj-': 1:]?r rv>p^'^. 

?• Ci.rcu]nr Vr-h--- !:r' st.v^.M-o from one point on 
a acar too;:)^ to the corrcsnondina point on the 
noxt tooth f noaGured on an arc of the pitch circle. 




CircuhrPtkh . Pi*c 



TERMS : 
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8, Clearance — ""he distance between the end of a ^ 
tooth and the bottom of a matina tooth. 

9. v:orkinq depth--nistance a tooth extends into 
the tooth space v;hen fully meshed and has cor- 
rect clearance . 

10. Whole depth — Wor]:ing depth plus the clearance. 

11. Diametral Pitch — >!umber of teeth per inch of 
^ pitch diameter. 

12. T'ooth face--Surface of the tooth from the pitch 
circle to the outside. 

13. Tooth flank — Surface cf the tooth from the pitch 
circle to the base of the tooth. 

14. Chordial thickness — Thickness of a tooth v;here 
the pitch circle nnsses throuoh the tooth. 

15. Center distance — The distance is the measurement 
from the center of one acar to the center of 

a meshincT qear. 

16. Root circle--A circle formed bv the bottom of the 
teeth. 

17. Rack — A aear rack is a oiece of material v/ith 
teeth cut on a flat surface. 

18. Pressure ancjle — '"^hc anqlo at v;hich pressure of 
one tooth upon another is applied. 
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INFOPJIATION 



*ITLE : 
INIT: 

OCCUPATION: 
OBJECTIVE: 

•REFERENCE: 



INTRODUCTION; 



INFORMATION: 



Spur Gear Formulas 
Millinq Machine 
Machinist 

To acquaint the student with the formulas used to 
make spur aeor calculations. 

New York: 



1, Anderson-Tatro. Shop Theory . 
McGraw--Hill Book Co^ Inc. 

2^ Bvirriharclt-Axelrod-Andorson • Machine Tool 
Op e r a t i o n P a r t 1 1 , 



McGrav;-Hill Book Co., Inc. 



To be able to nake the calculations needed to design 
and cut a sp\ir aear, a machinist must be familiar 
V7ith the symbols and formulas, 

SYMBOLS : 



P= Diametral Pitch 
CP= Circular Pitch 
PD= Pitch Diameter 
0D= Outside Diameter 

N= number of teeth 

S= Addendum 
S+F Dedendum 

F= Clcaranco 

W=» Vhole depth 

T= Chordial thickness 
LP= Linear Pitch 

11= Corrected addendum 
NG= Numl:)er of teeth on qear 
NP= Number of teeth on pinion 

C- Center distance 

1= Inf^ide diameter 

L= Lcngtli o"^ rack 

^OPJ^IULAS: 



S = 1/P 

'*'2P 

CP = 3^1^] 6 
P 



Addendum 
Center distance 

Circular Pitch 



Clearance 
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S + F = 1> 157 

p 

P = 3>1416 

CP 

P = N 4- 2 
0 D 

P = N 
PD 

N = P X PD 

OD = N_+_2 
P 

OD = PD + 25 

PD = 11 
P 

PD = on-25 

W = 2>157 

P ^ 

W = X CP 

LP = 3.1416 



Dedonclum 

Diametral Pitch 

Diametral Pitch 

Diametral Pitch 
NuTPber of teeth 

Outside diameter 
Outside diameter 

Pitch diaineter 
Pitch diameter 

VTiole depth 
VJhole depth 

Linear Pitch 
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INFORMATION 



-ITLE: Iron and Steel Products 

TIT: Heat 'treatment and T'csting of riaterials 

CCUP AT lOK : Mach in i s t 

3JECTIVE: To acquaint the student v;ith the different pro- 

cesses of producinc steel. 

T.FERFNCE: Tool Stool Simplified, Carpenter Steel Co. 

:HTRODUCTION: The nia):inc of steel and the procesr> in which it 
is pior^ucc*'' is ncc^-'^ssary Lo tb.e machinist in 
order that he mav have a bettor understanding of 
what he is working vuth and hov to select the 
right steel for the job, 

'NFOPJIATIOil: Cast iron noes throiich a heatinq an*-'' refininc 
process in a "cupola "^urnare/ n^hich is some- 
\7hat less coynplicated than the l>last furnace. Air 
at nornal tenperatuvc is forcer through a burning 
mixture of pia iron, scrap, linestone and coke. 
C\>nola ten^neraturcs are lower than t^.ose of the 
blast furnace, an^** the rofinino or purifying pro-- 
cess can l^e regulated easily for its carbon content. 
Any at-V^ition to cast iron arc usually added to the 
streap as rodifyino elements. The most common 
are nickel and chromiun, 

S'^EET, c;^STiMr: PRoniJCTTO?: 

In the steel foundry, corrections are usually 
added to the hearth just before the heat is con- 
sidered ready, ""he time duration of the two boil- 
ing processes, namely that of the ore and the lime, 
reduce nearly all minor alloying elements to a 
satisfactory level. Carbon, the major element 
besides iron, continues to be reduced during a 
third period of the heat until a satisfactory 
fracture test has been observed by the melter. 

STEEL PROnrCTIO!' PROCESSES 

The bulk of steel production is poured not for 
castings but into long tapered sauare shaped 
molds called incrots, Tncots are an intermediate 
process, similar to that o^ castina pio iron, between 
chenica] metal lurnv and mecl*)anical metallurgy. 
Castin<^^ , v;- en -^^-p r>onrod , retain their absorbed 

and ror.it . o ,, >t'^ ^Icf r ^e ovc^n v;hon properly 

vented, Tu'tot ro]ds are -Josinnod to lead impuri- 
ties and oases tov/ard l:he ton of the cast where 
thev can bo removed ea^nlv by a process called 
'*croi)plna , " 
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When inqots have been preparerl properly the 
steel is reduced to a deniqnated shape through 
rolling, forqinq, pressing or extrusion. 
The rolling of flat material to thinner thickness 
is referred to a rollinq strip. VThen strip steel 
is slitted into narrov; v/idths and rolled into coils 
it is knov/n by either strip or coil Wide strips 
are usually cut to specific lengths for convenience 
in handling. 

When those strips are wide and also thick f they 
are often called plates. Similar sections of 
tool steel that are thicker than the number sizes 
listed for gaging sheet steel are often called 
flats. V'hen cut into convenient lengths, the lengths 
are called bars. 

COLD VJOPKIK^G OP STFKL 

Hot workinq of steel can produce finished shapes 
within specified limits of accuracy. Cold v/ork- 
ing procosPGs continue to conpress and strengthen 
material from which the scale has been removed* 
With no heat applied, cold rolling or drav;ing 
becomes a finishinq )>rocess both as to surface 
and as to dimensional limits, f'achinists should 
knov; the capabilitiof? , limitations and strains 
set uo v;lthin cold v;orked materials. Strains offer 
little trouble if cuts arp balanced so that equal 
cuts remove coual stress 2-juom» opposite sides. 

TOOL STEELS 

T'ool steels v;ith the exception of drill rod 
have a decarborir^ed surface, even though care is 
taken clurinq the annealinq process. Tool steels 
are alv/ays annealed because of the work hardening 
effect mentioned earlier. A surface cut to speci- 
fied depths according to size of material should 
alv/ays be taken to remove surface material not 
likely to harden. In sim.ilar maner, tool steels 
which have been forqod reauire annealing before 
accurate cuts may bo made. 



I 



TLE: 

lECTIVE : 
-^ERENCE: 



Manufacture of Steel 

Heat Treatment and '^entinc; of M<itorials 
Machinist 

To acauaint the ?;tiidontr v;ith the different pro- 
cesses of pro(«ucing steel. 

?i?ill-.%9J^l.^?.y^RlA^^^^ Carpenter Steel Co. 



TRODUCTION; 



FORMATION: 



The word "steel" is a rrost inclusive term v;hich in 
shop lancjuaac, often refers to ir^etal in the iron- 
steel fan^ily. 

Steel is pig iron refined to specifications regarding 
purity and strcnath, Steeln arc, therefore, often , 
classified according to chairicnl composition. Plain 
steels hcive carbon as the alloving clement. Ranges 
of carbon are: Lov; (0,]0-0.3n), Medium carbon steels 
(0. 40-0.70) and the harrlcninq variety (0,RO-1.50), 
often called tool steel. 

Steels are frequently named according to the proces- 
sing they have passed through. Some of these names 
are: electric furnace, open hearth, Beasemer and 
crucible. Other stce] nan'ies, depending on use are 
structural, snrina, rail, hoi]cr pJate, armor plate, 
free cutting, screw nachine stock and others. 

Common shapes are nlatcs, shoots, strip, v/ire and 
bar. Mechanical processing often utilizes specific 
kinds of stoel. Hot rolled, cold rolled, cold drav/n, 
foraina, extrusions, machine, electric, drill rod 
and hioh snoorl are terms which are associated v/ith 
certain nualihior; and conr^itions. 

Each mrtal has its own sot of mecif ications , 
recocmizecl aipoaranco and rmaliticr., v;orking condi- 
tions an^"^ li-iitt^-.ions . rindjnn out: hov; and v;here 
each strc^l is rr<v^Cf user") anr? loorlic-i is important 
because stool is an essential metal in production. 
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CPRROTiai SHEET 



"JX) Grind A General Purpose Tuminq TVxdI 

BEST COPY AVAILABLE 

Tc> tho student practice in grinding a general pjrpose 
^^rr.^nr: tool bit« 

: rr)t>r.'j; qrindinq of lathe tools is an operation with wiiich the 
•Kx. r)Vy^rxator TTust beconc fardliar. The angles at whirfi a 
^ ! 'nt rv:rfomr5 best should be noted, and these should be dupli- 
: on cnittinq tools of the same t\pe. The iitportanco of relief 
(clearance) and rcike angles should not be overlooked. 

i%.r anc? Osi;ald. Turning Technology . New York: Delinark Publish- 

':v: Co. Chapter f*. 

I. ^,rr)rr> the too.lhit firmly and support tho hands on the grinder 
Y^l rest. 

. ^ tlio position of the toolbit blank and grind the cutting 
cvHa**^. Step no. 1. 

^. ^^ the sa*^ tiro, tilt the totton of the toolbit in and grind 
»-V - side-relief angle. 

^. crntinur: arindina until the sic^e cutting edge is approx. 7/16" 
t 1/2*' lonq and the point is about 1/4 the width of the tool- 
) if. Step no. 2. 

A the tooD)it f reouently in ^^ter so that it does not over- 

• -nt dvxing the grinding operation. Over-heating my damage 

• ?-ooll)it. ricrp: Steilito aiid oemented-carbide toolbits 
x''.;ld nover be nuinched v;fien being ground. 

• : i:>^ the end cuttina edge so that it forms an angle of less 

3?P vdth the side cutting edg©. Step no. 2. The tool- 
i r ^^hould Ire hold so that the back end is lc:^;Gr than the point, 
""lis ^onns the end-relief angle of 22 at the same tiine. 

7. twvA the points slightly, mintaining the same end and side 
vt->li(;^ angles. 

r Id tho toolbit so that it is approcinatjGly 45^ to tho a:?is 
tno. \<heel and tilt the botton of tlic tool bit in so that 
v' - rirh) rako of about 10^-12 is ground on the top of the 
•r>->.lhit. Ptop no. 4. 

\ ' . r-ho mjttinc^ edae and the point of the toolbit with a 

^ -r^ oi]9tnr)o* '^ir; pro"'\K?es n kecnr>r edge and a better sur- 



ST^F3G^f^d RADIUS 
OKI Ti.^ surr -Te>B 




CPEKVTICtNf SHEFTT 



To Knurl Vbrk in the liSthe 



BEST copy AVAIWBIi 



'.v^ rTiAT? the Student practice in the proper procedure for knurl- 
in", 

•^r:^.: "..:;v toils cinr? rachine parts Mve kniirlevi surfaces for ease 
"jrjpninq. KnurJinq is done by aribossing a regular dianv- 
o'r: sh^rod i?attem on the surface of vxDrk, revolving in the lathe, 
v:lf'.h a r-c^ir of rollers havincr serrated surfaces, ^ere are 
trroe crracies of knurlina rollers, course, medium, and fine^ 

:rrji :.idKvI&on, Fred. Shop ^eory; Nev; York: ^fcC^raw-Hill Bode Oo. 
jr/i. - Chapter 14. 

; ' 1 . irccito the limits of tl-ie Kniurl on the surface of the work. 

2. y<>t tilo roiiurlinq tool so that the top roller is the same dis-- 
twrjo above the center of the work as the bottom roller is 
i^ijlo' - the center of the v^r^rk. The serrated facses of the Knurl- 
ii/i rr.iin arc set pnrallel to the surface of the v;ork. (See 
rU:. i) , ^iahten the tool post screv; so that the knurling 
tool vil] not slip. 




-!^-xl nf ti^e lathe IxiJcr/; 100 TS^U 



!h tJ:o ^lnd feed controlUBIilve the knurling tool into posi- 

\f tic riaht end of tlinrnrtion to be knurled. 

:r!* l-ho In the. 
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BEii tun AVAILABLE 

7. ^orco the knur lino rolls into the vxyrh v;ith the hand cros£5 feed 
to c-i Oaptii of .010 - .015 of an inch. 

r^. rn'^arv-j tho fofv] clut<^h and lot the kniirlinq tool travTorse the 
Kiirfaoe to Ix? kn\ tried. 

TAT r^T(7^' : Vr>e plenty of cutting oil on the surfaoe that is being 
):n\u*]ncl. 



ton], roachon the enr^ tlneportion to be knurlee,, stop 
t^ho lathe. T)o not back the tool av/ay frop the v^ork or disen- 
eace th^ fp^yl clvitch. 

CM *^70r: : If t he tool is lyckecl out or the clutch c^ i?;cnc Taae tlie 
\?1 V'Hnq rolln vdll' not trad: on^ th e ne^xt pass . 

If tho knirr] i^> not koon enomh reverse the direction of the 



r >^ T T-Tor T . ^l^^ /.^PJ:, thq J athe Ix^fore revprs ina t he lathe feec^ . 

ll. '>.or^: tf^^ 1r'>t^i'*». ^orre tho kjinrlinrr rolls into tiic^*?nrk another 
^nin .01.^) of an inch. 7\pply plenty of cutting oil to the 
sarfacr^ of tho kniurl. 

i:\ '^'iio o^ovc stop^ rp^y be repeated if needed to produce the desired 




FACF OF KNUPLS 
SET FAfCALLEL TO 
SfOE OF ^0R^^ 



DOUBLE IMPRESSION 
(INCORRECT) 



^ — CORRECT IMPRESSION 
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ir/ n I Tin 

: BEST COPY AVAimE 



':;>J1] nof^V-"* f'Vj-pon n b-;i5t: drill by 



u *.->-o:v'rlv a drill r^wc^t ]xi J^hnrpcnod to tJ'ie correct point: 

T'jn. 1) r-^n^ ruhtinr- lip.'^^ hwe the proner 

-v-."-- r-^(-\c (ro-^ "iu. , r.rxcjh^ the tv.o ciittinq lips 

lJ:t> ro.: ^.r^^ Jf^nql'Ji t^^e cuttino lips must he eoual. 
^ov-o n\^M r-ri?l '•-IV ))r p.harpc^no'"'' I^y hanc^ on tlie hKsnch 
r-'' '-.i:-'^. 1 rrrit p.lurjnir'' ord'''^^ ''jrlr'^inn v-^ieel. 

'^ ^\ ^. ^v^r)- ^'^c!^j".o^ rv-^/ Pracr^^^ RlcoTdng- 

ri}. 'Vj:nin;rt7rr7^IV:ni^^^^^^ Co/ IViit ^6 

^, f. '•'•.i.p: To sure to vx^ar nocrales when qrinc'incr. 



rnr- ^Vill ro that the aittina lip is Parallel to the 
tiiie v^he.n]. ^rirr? lip luihil hrinht n>etal shr>js all 

i"^ .v.v rir:"osr». 

.-r. - ir:. '>) 

c ^ti^'-^r. :^.'Ctr, cr/in^iina }v airefnl not to net the drill hot 

tJ.Jt it rhanrrcR. o"^j.or as tliis \;ill c'ostroy the ceirpc^r-- 
U^-- mf-^:ino cv-oo, ^in the rlrill point in water f.re- 
-T'Titp, to h^\p Keep it cool. 



TLu. ] 



F 




Fiq. '2 



Mf:Vj rlril] !Y)int aano. If the anqlos are 
J ^ n rj 1 1 "^r) arc c:Gnr'..ct. 



T*in:' 'K'^ \:r^ c'lr^-iravm, 1? to 1^) rleoroos on onr^ lip. Hold 



BEST COPY AVAILABLE 



tiie dri.l] v/ith tho rako anqlo up aqnin?*.t the V\1ieel and rotate 
tliG drill to tho. riaht, prcsn^nq it nqainst the wheel so that 
the crrlnrVr ronovcr, rrotal from }x*hinrJ t!ie cutting lip. (See Firr.S) 



X 



7)\ 



„ ■ 1 



^3 



rr-- 



lllliiiiilju'jil 



riq- 1 Piq. 4 

fi. Vr-;o the ro.rx^ nroceriure for cjrinrling the lip clearance on the 
onposite ]ir>. 



7. ^*echcck to r>ec that the lips are the saine anale errl that the 
1-ins aro i-ho S'-t^x^ Icnqtuh, If not regrind until thev are. 



Fiq. 5 



•OOY CUAKANCE ■ 




BEST COPY AVAILABLE 



eOTMllPS MUST Rt 
AT IHE SAVf UP /-NGie 
Ar*D Cr fCUAl l^NGTH 




(B) 





H*r:? WAUUAIS AUD SHEt tA'iS 



SOFT nONZE AND MtASI 




b /I Y"/ 



A 

60' 







^^^^ 

Od^'HOU OMUNG AND CMN>^SHAMS 



f I 
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'^jrear^ Oatting g^^j QQpy ft^iAlLABLE 

'^-j .ic^aaint tJin .stuclfint with tJie p2?oper procedure for setting vp 
cn}c;;latin<^ anr- mittH-nrr rachinirq a screv; thread on thfe lathe, 

!• ;^j^,aorson^"atro. Simp rheorv . Mew York: .^fc^^raw Hill Book 
Co., Inc. 

o;vi:rato the latJio .succossfullv you as a student machinist shoulc* 
r.^t tool? anrl nvO-:e necGSsar^^ nacliine a^justnents to familiarisie 
vnurrjclf v;itli the oneration. 

1. '''he si.nqle deptli of tiie thread should be calculated by the 
forru]a suitor"^ to tl"ie Jcind of thread to be cut, 

1. Pitch X V v/ill nive the ajnount to feed in on the conpound, 

r^et the conpomr* slide '^^ doorees to the right (for piqht hand 

^. Sot tlxi tool bit sauarp v/itli the axis of the vKDrk using the 
center nacre an^i on tlie center line of tJie \^rk* 

^cpr t})Q Intlie for the rcniiired nurnlxir of threads per inch to 
rut. 

f-. f 'esh the vom acar of the chasina dial vrith tlie lead scre^v and 
dctorninn v.tiich of the line? are to he uned, 

7. 5; tart U^.f^lcitfK? and tourh the cuttina tool to the revolving wrk* 
t^o oradn^i tod dials on tJio cross feed axv^ corpound slide 

"o-^t T^d^oF^ have an adiusta}^le stop to prevent feeding the 
*o^l too far into tlic v;ork on succcssi\'e aits, J?et the stop 
at: thr- T'^int. 

-v-n'o t:Iv^ rnttjnn tool of^ the vnrk a short distance from the 
o:vl :^o it jg in Uio clear, Fnod the tool ,00?" to ,004" 
ri r^oop urdm tJic roTT^rmd slide. It is Ixittor to feed the tool 
in nr. r.uccos'-OA'p cuts v;ith the corTx:)und slide. The tool cuts 
nn one nido onlv and produces a srnootlicr tJircad, ^The cross 
fr»r^T <\r:ro'^7 in used to rnll the tool andrc-not the tool aqainst 
th*^ r-''''iMr.^n'do ptoo after each cut. 

T"'. ri.th Inthr^ ninninnr enqacrr tine half nut at the correct 

17 . ^ 'it'V^^r.T-' cuiitinr tool and di,5;cnaaae half--mit from tlie lead 
r:nrr«-;. ^^otum the carriaqo to tlio startinq nosition by hand 



^''^ ^^(X^ thnt tl^*^ corrr^ct niu'^Y^r bhrca^^r* cor incli arc 

' . ^....pc'c;.;vc- -n*'*--. foo^'^ipr tihn tool in .002" ho .003" nor 
I -If:, r.-o r*att*ip/^ oj ] on \±r \'(yr^\ bit ^or a siirothcr tliread. 

'".c'} t^'o in nit- nc-"irl^^ to the cx^rroct r'epth nre a 

^-'^ir" "i ^r.n c^x'C' or n nnt c!"^oc^-. tho fit, r'oPonr'incr \roon 
i\r^ r"'. TOO or ricmirnr^^ T^miro:''. Procrision t^irea'^lf^ Day bo 
^ v^'^ |-i^v-(^r>-» 'i rot^ior*, ^ ^1 ni*=ilify*^ sere-' thr^a"^ 

'^:^'o t*'^'^ ori'''^ chcirif orrc"* . 




A CFNTRR GAGR IS USHO TO CHECK TH 
ANGl V. Oh A GO'THRtAOING TOOL. 



f 



• 1 



Vv ^^^^ 



A TJUtfAOJNC; TOOlJur GROUNO PQ 
I'J^f A UMHA.Vn OFFSET TOOtHOLOFR 



PAPER 
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BEST COPY /AVAILABLE 



riiRKADS P! \> INCH 

TO BE ciir 


WHCM TO ENGAGE SPLIT NUT 


READING ON DIAL 


or 
thrtads 


1 

1 V. 
2 

L N(jA\Gf: AT ANY 2 y 
GRADljATION ON 3 ' 
THb* DIAL 3V2 

4 

4 V, 




f % ^ ] 

K ^ < J 




ODD r^v'V'^rh 0" 
THRtAD.^ 


1 

LNGAGE AT ANY 2 
^:Alf^J DIVISION 3 

4 


1 




I 


or 

Nu\:r>f- <)^' 1 ADS 

LFAi) Si.HLW 


1 ? IHRFAOS. F G n 1/2 
LMGAGf A l \ VKHV OTHER 
MAIV DIVISION 1 3.0R 2&4 
01 iU R rRACTIO\'AL THRCADS 
ENGAGf AFSAfuf. DlVlSlOrsJ 
EVLRY TiV.r 




/ 1 \ 




; 

FNGAGE AT ANY ^I^^L THAT 
SPLIT i\'U1 MESHES 


USE OP DIAL 
UNNECESSARY 



RUl.l i rOR FNCAGING THE SPLIT-NUT FOR THREAD CUTTING 
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BEST r^'^'* f '^^nABLE 



''^o stn^V-nt practice in the pronor procerJure for jjiter- 



r'^ropfT'^T^^': :V'ry ^Jironr^ri arc finished with a tap; to-;evcr, if a 

coi'Lun : i -'^ of *:.-ip ir> not nvailrMo, or when it is essential that 
t>'-^ I).:-. Is mncrntric v;ith the rUareter, it mast cut on the • 

]^*^-^yT^^r:^. j'yr^y (V/;alrl. '^imina.'^f^.chnoloqy. New York: rtelji\ar Publishing 

p^vYTiPTj^^": J. '"Alnu^'it.o tho t-nn drill r>i7.e. 

2. :*r>iint tJ^c! v.T^r}: in a cr)13 oct T cfiucJc ,^or on a FaSplate. 

^riU a hiole anproxiruntely 1/16" snallrr than the tan drill 
ci7.o. 

^ Tot ir> ci }orina }:>ar and l^ore the hole to calculated tap drill 

5. Q-^uni orly^ro *-he end of the hole to thonvijor diameter of the 
thrond tor a distanco o^ rf-ouh l/ir>**, This serves as a cj\iide 
to fho f^onti) of tliroad d\irinq the threadinq operation. 

6. I'' tho i.nle to bo threaded does not qo throwh the metal (a 
hiin-^' ^10*^0), it if^ npce??r>arv to cx^t a recess at the end of the 
thrrod to ^m\ade cl<?nranco for tho threading tool at the end 
of thr^ c^}t* "^is rocGSs should he cut slightly deeper than tlie 
rnnor dinrr^tcr andshould )xi v/ide enouah to permit the toolbit 
to clear tl'io thread v;}i(m the splitnut is cUsengaaed, 

7. Tot tho cnmoiind rest to 29^ to the left. 

^. Set tho r-)jc;:--chanao oearbox for the correct nurher of thceads 

^\ rr\ctn/x) t:!:o lead scrov;. 

10. 'bunt ci thread Inn tool in thn horina h)ar and set the point of 
hhc ^rx-)l nn ccintor. 'Tic horina bar should 1)0 parallel to t!ie 

(T?n*'or}ino of tho radiine. 

11. v*'.:na^o the t^iroridinc; tool vath a center cage* 

. >. U 'iv i'> )x' U^rcvifX-d i^houid ivo nvu-Kcxt cn the 
ir»r?'-: Ixir, ryr\-ir.nrino 'ron the threading tool. Ihen this mark 
in o*;nn ritih ^'^o left cdr:e f}yo vx^rkpiecGr the split-nut 
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Btsi cop< mmmi. 



13. Start the lathe and tiim the crossfecx! handle imtil the 
rv^.int* of i'ho tool})it toiK:hes the diameter of the work. 

1-1 • 5~^ot the cmnsfoer^ and conpoimd rest graduated collars to zero 
.^inr' c-Ioar the cuttina tool from tlie hole \dth tlie carriage 

15, "nnn the corpoundirest handle counter-clockwise to move the 
toniHit .00? - .005, and taJce a trial cut* 

If', r.t ['±.0 cir? ocich ait (\stiGn the mark on tlie boring bar is even 
v'ith thn (?dgc of the v^ork piece ) , disenqaqe the split-nut 
Jovcir and tiim the cross feed tendle clock^'/ise to clear the 
^a>lVat froiT! the thread. 

1*7. novo tho carric^cTG to the right until the toolbit is clear of 
t.Mo \s'ork. 

C'lLck i:br nitch of the thread with a screw pitch gage. 

10. r.^tiim the croj=;nfeed liandle to zero and set the depth of cut 
bv fo(}dinc? the conrxoiind rest counter^lockv/ise ^ about .010 
to .015"- 

?0, Z'cCrio sniconsive cuts, decreasing depths until the thread is to 
t,ho rro:>?r doptl\. If th^? point of the threading tool is the 
no'-rort xcidth, the arDunt of corrpound rest feed can be calculated 
by aj^-b/'inq tfic folla*;i.ncT formula: 

(:orjx:)iinfl rest fcjod • = .750 

II 

.750 
10 

.075 

2].. ^.n *:''M^ ^hrcc-ld Jx^corier. deeper, it is necessary to decrease the 
ciirv.mt of" connound rest feed to decrease the spring of the hor-- 
irn ha-, ^.o la<;t few cuts s)K)u3d only be .001'* deep in order 
to oiiH^^-^to anv pcr^rina remaining in the* bar. 



'c'- thr^ threarl fior fit witji a thread plug qage or a bolt. 
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INSIDE RECCSS 



FRONT RECESS 

wAjo?? Diameter 



• TMREAOfMG TOOL 



A RFCESS AT TML^ FRON ' AND BACK OF 
HObE IK DESIRABLE VVM6N INTERNAL THREADING. 



1I4 



BEST COPY AVAILABLE 



7ITI.r: Pnrinq t:in^11nq on n Lathe 

UNIT: Iritho w>'k 

OCaJPATICrJ: Machinif.l: 

ORrCTr/Tl: It? oivo i'ha f^tiv^ent practice in v/incUng coil springs on the lathe* 

I?sV^ODLC?iC:': Oiio n'' jo;.;; cftcn rocvJ.ror' of t^e nadiiiiist is the nviking- 
o>il 5:;.vjp/ ^s. If o spring v/in^inc^ nvichine Ts not available • 
Tn ^^ir, (ryir'^tinn, spring or mur^ic v;iro is vx:>und azounrl a mandrel 
nf r?r^;w uiarchor in an operation siiiiilar to left-hand thread 
cnt tin':. 

'^'"v^^^'Cr^t J:r<pr •Mi:'^ Orr./nlrl. Ar ming ^clinolocy. ITei-/ York: Delrrar Publisliing 
* Co. 

pTYVT-r>'T7*- 1 , H^^o>-: ir.^ t^-;^ correct wirc^ si?:e, randrol .Tize^ and the nurfcer 

oC cn.iJs per inch froin f 'ad iinory ' s U anrlxyh ^ 

H>urit. th^ rr^n^Vcl eitlrr )x?tt;een centers, in a drill chock 
iTr/n*r>^'» ir. rJie head stock or in a 3--jaw chucJc, 

r-oi yjolptho SPin^le speed to about 50 n.PJI, 

■\ 5'ot t>^o fcryl directional lever for lo^t-hand threads* 

r*^t aiidv-chfinno georhox on tlie lat)ie to the rocfuire<5 min- 
}vrr of threat''? por inch. rTTT: After the spring has been 
v.'Oiir..'' .;nd tiic: tension ir^ rcnovofi, tJie spring expands and elong- 
i\ir.r, no hhafc it is larger v:ith fev.'er coils Per inch* It is 
t!iorch^fjrn riOccsfKjry to alia-; for this action v/hen setting the 
n'ir^:ir.r » If si;-: ooils per inch arc rec^iirod on the finished 
rr^rj.n^r, it is ncccssan^ to Kot the raiick-changc gear box to imre 
th?n r,i::, posnlMv seven, thcearls ror inch* 

yo\:r\K r. v;ire giude block with the v-slot on the bottom in a 
l^f"t-?'>n'i offset Intixo tool holder. 

:v7r. * 'r}>r> ciiido hloc>: con Yx) made fron a piece of 5/16" 
(.r "^Z: " rf'uaro cold rolled steel vntii a shallov-; v-slot cut 
jc]i^:t! vis^^ to quir^o the v;ire. Tension can Jrxs applied to the 
v;irp tJ>o tool J^lrlcr screw. 

7. ?'ovr. t;io c:'\rrir.ro until thociv^ of the toolholder is opposite 
l-^f I -"^lo in t-hi^i-indrol, 

r.-^'olJ 5-u<i\iriont v;iro und food it throuc^h t}ie v-slot in the 

' . • '^i'' > ♦ ' • :r>V^ of thn ^nnrUT'., 

'\ : Iv tc.riinon on tlio jpring vare \>dth the tool holder scrcv; 
rr.;' t!ipn f^n-^vtac bho .nnlit--nut lever. 

]0, r^irt- 'V- !:;':rJ)ino fwl carofully let the v;ire feed throngh the 
h}cy,'k unMl the desired lonoth of si)rinq is \vOund. 



^ IS 



BEST COPY mmi 



^ °^L^ ^ disengage the split-nut lever. 
NOTE: If the sprina must have close coils at either end. 
It IS necessary to start the lathe and then engage the spUt- 
nut lever at thelcft end of the spring. I*en the spring is - 
the desired length the split-nut lever is disengaged and the 
machine is shut off after sufficient close coils have been fomed. 



12. 



Release the tension on the spring by loosening the toolhold^: 



13, using a pair of nippers, carefully cut the spring xdre between 
the mandrel and the wire guide block. 

14, Cut the left end of the spring v/ith end nippers. 




THE LATHE SET POn ONE METHOO OF 
WlNDINQ COIL SPRINGS 
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OPEP.ATI0N SHEET 



TITLE: To Hnrrlo.n rn-Kfl Tcrpar Carfrm '^1 Steel 

nrcT roov !\VH!l!\Blt 

I ORTTTT'ItT:!' To htn.'o tlic 5-t;\irlo.nL practice in hardening bty^ terpering carbon 
|: tool ntc-:;l. 



I rnwr^^cr^KT': Ilarr:. ciiv; . r.ay- t}^^ phy5;ical properties of steel. Carbon is 
1 t-ho ob:'-\.:\\ c\'.a.-"^^or; s^Loel to l>n hcirdoned v;hen it is heated 

to itn cT'iiir?.} tc-J i-.^^^utiiro an-l oiicnched in oil or v.'ater. Tliis 
: \.dll pro,i.:c-': \\\\c r«-:>±(Tj:n''h:irr'Tie5Ssan tlie steel. Tcnrpering 

i follr* "^. ^\?xC'' '-^.L'r- to rocniro the dearr^ of hardness of df^sired and 

to rolit'r/o t;.o robvl of strains and brittleness fran hardening. In 
tcnc-rin^, i/'vi s;o?2 ir, ro^>oator^ to tc:i>?raturos varying from 400 
to r"^ r:>-u.H s ^/ir!A r.!ioitr a:"*.d cooled. Vlion steel is terrpered 
by tVii:. c: >"!c-'r r^-^^'r.o^ t-io fol^oi'/ing color chart iray be u^uJ to 
r'^otor'^ i.no pr-^r or t:r.rTx?ririO ten;.>orature to use for the degree of 





Color 


Use 




laqht Vi^Uo^i; 


Cutting tools for lathes 


^4 -i r 




Drills, reaimrs, milling cutters 




P-'.r): strciv: 


Tf)Ds, dies, hacksaw blades 




Yc'llcm.^}^ brc^^Tl 


Ilanner faces, rivet i^ts, vood 






chisels 






Center p.inches, scratch awls 




Vio]oL 


Cold chisels^ lanives exnd a>:es 




P?.le niuo 


VTrenches, screw drivers, h^m^rs 



ERIC 



R%»v^:P7:rT: Portr-, IK V. , l.^rh;, C. IL and Jyiscxxi, 0.,D. Machine Shcy Cy ^ra- 
^l['^''il^P!lP'':l'^'3.* ^'hicncTo: »\nx^rican Technical Society. Ch* 12. 

pnT^Tvjpj::: 1, T^ciht <\rA adv.^.c^t the frj-iidco. 

2» iJ-^o ton-.:*; rin' place th7 fork in the furnace. 

::'-^t ^-'^ h"^r>ninq t*^:'rvxirr,ture (1450 deg. F) which is denoted 
1/' :\ full rcf o".]or, 

4. r f T "u.r.n^o r-ir.'l '•'v.'^r.ch ir: ^^tcr oi: oil, according 

to tho tNT^"* of- r.Lool r.:-(v1. 

5» Tt'St rc;r )' trir:- tc; vii:h a file. If it is properly hardened the 

. i'.:. fn.^' ' ruT-fnr-o of the J^rr'^ned pic->-je so tho 

. .1: V \rr' r.i z]y i\::r\^co, holdinq tiie '-ork so tluvt it is 
vinibP^. ^'n::ch t^j*^ propor color t^ appear. 

rt» v:;u ri i-r . ^.r U:^ ^■:rati:ro bar. })ecr roacliorl, quench tlic piec::e in 

1? 



I 



BEST COPY AVAILABLE 

JOB SHEET 

T'lTLE: TO KAK5 A DRILL DRIFT 

UNIT: BSNC:I WORK 

OCCUPAT 10 N : A C 'I I M 1ST 

OBJECTIVF!: To de^clcn slcUl? In t'oe use of some of the 
rr.ore coicnjOti typer^ of bench, layout and po\7er 
tool s. 

INFOHrATIOlI: A d>m :lrlft Is used to rerr,oV8 taper shssnked 
drills froni drill sleeves and drill press 



SPECIFICATIONS; 

DRILL DRIFT HO, 2 



rATERIAL; Cold rolled steel ?'*xl'^ flat stockx6" long. 

'XOOLS AHD EO;jirrr::r: rowesrh^e^ckoavi, r»rllli>r<n^3. bench 7lJ?e, 
conbli t J on "saKare, surface plAte, pr^ck 
pun^h ^ sc^tbfir, 'n<\ll on^n hrtnner » dirld'srr^, 
crn^'e'* nur.ct), lay^vst Ink, 10»» flab double cut 
baJ-^tn^d rilo, ^r]at cln:^le Cjfit snicoth file, 
radiU55 cf:^?:o, drill blc, n ^T'd^^^ree 
count?=^i\'3lnk an^i hnr.-i hacK oau» 

PROCEDURE: 

1. Select 5?tock as specified 

2. Cut to ler*:th wltb poorer hack ^'^kw. 

3. Hold worl: : r, the bcr ch and reroovo 
burro ^ Xh m e» 

U-. '"^"'Jl** r^":^ ••r:"' /nu-^r:' to i^.rou^ from 



6. Locntf> centor cf i'^ radli:r: and prick punch 



1 



7. Set dividers to radius and scribe the arc* 
^. Scribe a U^'' line from the end as per drawing 

9. Scribe a line to form angular side as per 
drawl na;. 

10. r.ocate of»rtf»r ofhole to be drilled on opposite 
end . 

11 • Prick punch at the polntwhere lines Intersect. 

12. Set dividers to radius and scribe the arc* 

13. Center punch location of hole to be drilled. ♦ 
1^4-. rount vrork on drill press and drill bole» 

15. Countor.^lnk each side of hole I/I6** deep, 

16. Grip work In vise for sawing. 

T'ote: Ur.e soft vise jaws to prevent inarring 
work. 

17. Sf^w off corners of iv-idlus and the angular side 

^7 1 th ha nd hp.ck sew. 

i:ot^! r«-»=ive fxr lenir;t 1/3?-" of material along 
the line to oreserve layout. 

IB. Hout;h file to 'Jlrv-wlth a 10" bastard file 

19. Hoi)i<h file radius on edji:es as per drawing. 

K'ote: Ch«ck r.?/lluson end and edges with a 
radius gar^e, 

20. Finish file with a single cut smooth file. 

21 • l^-isnect ns per dr.*^wlng. 
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JOB SHE3r 



TITLE: 
UNTI: 

OCCUPATION: 
OBJECTIVE: 

INFOHHATIOX! 



TO MAKE A TINNERS RIVETING HAH»B^ ^^BST COPY AVAILABLE 
BENCH WORK 

MACHINIST 

To develop skll?.s in the use of the more 
ooinmon types of bench, layout and pover tools. 

The riveting haiivcier is used in sheet nioltil wurk 
for heading rivets, 



SPECIFICATIONS : 

TINNERS RIVETING HAM^•ER 



MATERIAL: Cold rolled steel 3/'^'* x 3 A" x 4 1./8" 

TOOr..'^ All? FQU:r?'EXT: Power hack saK, drill preBS, bench 
v'se, corbination square, surface piate, 
surfa'jp gffce, scribe, prick punch, center 
punch, ball p-ien hammer, layout Ink, hand hack 
Gav, j/l6" drill bit, counter sink, radius 
ga;;e, 10" flat double cut bastard file, 8" 
flat single cut smooth file, 3/8-16--NG tap and 
tap vrrench, 

PROCEDURE: 

1. Select 3tock as specified. 

2. Cut .';tock to length with power hack eaw. 

3. Hold •i--ork Iv iv-»? bt^noh vise and remove burrs >fith 
a fll'-. 

Note: 'Ir^'i roft vl r-c to prevent marrln;^ 

Ihe work.. 

:.Oiw or.p; '.-nn of I h(* -ircS"!? plcc-^. to layout from. 
5. Apply loyout ink to tlitr work piece, 

h 



BEST COPV AVAILABLE 

6. Uslni^ the squnr^^dend as a reference point 
locate the centor ofthe 1/16" radius and prick 
punch. 

7. ' Set thp dividers? /it 1/16'* and scribe the arc. 

Note: layout both sld8f3 of the material. 

8. Scribe a line 2\'' from the end as per drawing. 

9. Scribe a lirie for the angular sides as per 
drawing, 

10. Locate and scribe a lini^ 1^'^ from the end on 
all four cornors as per drawing. 

11. l,uCHte and scribe the 3/32" points on the end 
on all four sides an per drawing. 

12. Scribe the dia-^ional lines from the 1^" marks 
to the 3/32" i^^rks as per drawing. 

13. Locate the cnnter of the 5/l6" hol«. 

lU. Center punch the point where the lines intersect. 

15. Grip work In the vise for sawing. 

16. Saw off the ant^ular side of the peen with the 
hand hack saw. 

Note: Leave at lea^t 1/32'' of material along 
the line to preserve layout. 

17. Roup;h the anq.il-r nld'^s of the peen to the 
lines with a 3 0'* bastard doubl^^ out file. 

IR. Roufi^h f51e t)v* rod) us on the peen end with a 

i:ote: Check the radius with a radius gage. 

3 0. RciP:h file chnrf^-rr on the face end with a 
1^'^ bar.tnrc= cut file. 

I'ote: Ou'ok r:np:l(-: of chnrfers with a 
conibl nfit Ion f^cuare. 

20. Drill the 5/1^'^" hol^. 

?1. Count ^rr Ink hoi e on both slde-s ]/l6*. 

??. TrtP. two. boif^ •'./'^or rc» 

2"). V\r\\r,h f ' 1 o crv- -r^ th a smooth cut file. 




2^. Polish with emery cloth* 
25» Inspect 855 per drawing. 



TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 



JOB SHEETT 



TO MAKE A STEP GAGE 
LATKE WORK 
MACHINIST 



BEST COPY AVAiLABlE 



To develop skills of straight turning, 
shoulder truning and knurling. 



INFORMATION: Straight turning, 8hould«r turning and 

knurl int5 are basic ouerationsthat a machinist 
must icncw how to perform. 



SPECIFICATIONS: 



STEP GAGE 



MATERIAL: Colfl Rolled Steel 1 1/8" diameter x 6 5/8" 
long. 

TOOLS AND EQUIPMTiNT: Poorer hackf^aw. engine lathe, 3 

,1aw chuck, faoinn: tool, right hand turning 
tool, tool holder, center drill, drill chuck, 
1 ^" lathe dog, dead center, sieve for dead 
center, live center, drive plate, steel rule, 
hermaphrodite calipers, cut off tool, 
knurling tool, micrometer and abrasive cloth» 

PROCEDURE: 

1. Select stock as specified, 

2. Ctit to lenpth with power hacK saw. 

3. Mount Kork on latv.e in 3 chuck. 
^, Fac« f-nd sqtifire ar:d centf^r drill. 



ERIC 



I 

I 
1 

5. Reverse the work In the lathe, • 

6. Pace the end square and to correct length. ^^^^ W^BLE [ 

7. Center drill. 

8. Fount work between centers on trie lathe, 

9. Roui^h turn end for h^ndl^ for at least 2 13/l6". 

10. Finish turn to 3/^^" diameter. 

11. Unaerc^uJ; diameter with cutoff tool for 
5/l6»' Ion?. 

12. Knurl with either medium or course diamond. 

Note: Usf* plentj' of oil. 

Set correct speed ?.nd feed for knurling. 

13. Reverse stock betveen centers and use ; 
iRthe. doQ:. 

Note: Use brass under srew in order not to 

mar knurl . ! 

1^. Ror.crh tr.rn large 1" diameter, 

15. Finish turn 1^' diameV.f^r vith no iporethan .002 
or .003 to Dolish with abrasiv^e cloth. 

16. layout i'^ lenp:th with hermanhrcdito calipers. 

17. non>:h turn 7/^'' diameter. - 

IR. FlnV^h turn 7/?" dlar.eter with no more than 
.002 or .003 to poiinh :rith abrasive cloth* 

IQ. Repeat step 16.17 f^nd 18 for the 3 A" , 
and 1/^^' diameters. 

L'O, C\:t erce^s Inn^rth off wUh hand hacksaw. 

?1. Fmce end to corr^.ct length. 

22. hrr^^Vi fill sharp ed^es will mill smooth file. 

23. Cut cha::ifer on hfnidle ^/^Ith Inthe tool. 
2h . Pol 1 sh v>- \ th p.brn z\v^. cl oth . 
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TITLE: 
.UNIT: 



OCCUPATION 
0BJKCTI7Ei 



JOB SHEET 



TO MAKE A HAKKEH HANDLE 
LATHE WOBK 



MACHINIST 



To dev^elop skill In straight or taper turning 
on the lathe. 



INFORMATION: Stralf^ht and tapered turning are basic 

operations that a machinist must know how to 
perform. 



SPECIFICATIONS: 



HAMMER HANDLE 



MATERIAL: Cold Rolled Steel 7/8" dlaitseter x 9 7/8" long. 

TOOLS AND EQUI?r<SNT: Power hacksaw, steel rule, engine 
Inthe, 3 ,law rihuck, facing tool, right hand 
turning tool, tool, holder, center drill, driH 
chuck, 7/8" lathe dog, dead center, sleeve, 
live center, drive plate, knurling tool, out 
off tool: 31/6^'^ drill bit, 1/2" reamer, 
3/8 -16-KC die, die stock and micrometer. 

PROCEDURE: 

1. Select stock as specified* 

2. Cut to length with power hacksaw. 

3. Mount work on lathe In 3 jaw chuck. 

Note: cheok lathe chuck to insure It Is running 
concentric . 

4» Pace end f?quare and centerdrlll. 

5t R^rVf^rse work it\ the lathe. 

6. ?t\r.o end to correct lon^cth and center drill. 

7» rourit ^^c^r\ V'^itwfen contors. 
6. Make at leant a 6*' •>\>rig:hlng cut. 
Note: Check for taper 



1 1 



9* Finish turn to diameter. 

10, Knurl handle for at least 5h'\ BEST COPY AVAIIABIE 

. Note: Hse plenty of oil 

Set correct speed and feed for knurling* 

11* Cut knurled end to 0.^503 diameter long, 

12. Reverse stock In lathe and use brass under screw.\ 

13* RouKh turn end to 3/B" diameter 3/4" long* 

It^. Finish turn J/^'' diameter^ 

15* Set lathe up to out taper 

Note: 1. Use either the tallstock offset method 
or the taper attachment. 

2. Kake caculat.lons accurately, 

16. y.^k^ ronr;h1n>^ cut for a distance of at least 
4" with r>inall diameter and 5/8" large 
dl:::n:oter. 

17, Che?,k tc:iT)er carefiilly to Insure proper taper 
is 00111-^ cut, 

IR, Finish turn taper. 

19. Cut cht-inoher* at ^znd of knurl where the taper 
nnd join. 

20. Flaoe knurled ond in 3 ^^^^ chuck protected 

with ^ras^ or col]f\t. 

21. Cut., off 1" of handlfi with cut off tool. 

22. Far.e ond of handle, center drill, drill vrtth 
31/fS^J drill 3 ■3A f^^.-M .-.nd ream 1" deep with 

23. Fficp ond of car) and cnt ^5 degree chamfer, 
2^^ c.-jt 3/--^-.T'-:!othre^id with die and die stock. 



o , 



T 



■i is. 



I 



-0 



o — » *a. 




<r o.uj Ofr- 

'ERIC 



tr: 



BESt COPY MlUill 



5 
< 

o 




JOB SHRHT 

TITLE? TO MAKE A PLDMB BOP 

UNIT: LATHE vomc BEST COPY AWIIABIE 

OCCUPATION: MflCHIfllST 

OBJECTIVE: To develop skills in the use of the lathe* 

INFORKATICM: The plumb bob is used in construction or 

building trades to determine if the item is 
square vlth the ground or floor. 



SPECIFICATIONS: 

PLUHB BOB 



MATERIAL: Cold Rolled steel 3 A*' Hex stock X 

TOOLS AND EQUIPKENTv Power hnck saw, 3A" hex collect » 
3-J^5.vr chuck, engine lathe, lathe tool, 3/8" 
radius form tool, lay out dye, center drill, 
3/32" drill bit, 3/1^^" drill bit, drill chuck 
drill press vise, drill press, 8" mill smooth 
file, her.Tiaphrodlte calipers, micrometer. 

PROCEDUniS: 

1. Select Etock as specified. 

2* Cut ptock to length with power hacksaw* 

3» Face end square in lathe. 

il. Center drill end of stock. 

Note: Use No. 2 Center drill. 

5. Drill 3/32" diameter hole ll/64» deep. 

6. Apply lay out dye. 

7. Scribe n line 3/B" from end with hermaphrodites. 



fi. Machine to V' diamoter with 3/8" radius form 
9. Sc^ribe a }ina 1^* from end with hermaphrodites. 



BEST COPY AVAILABLE 

r'Hchlnt-^ to 5/'"^'' dl*i'::f>ter with 3/8" radius form 
tool brick 1" from ^'ir\6 . 

Scrlb*^ a llnf^: 2 11/16'^ from end with hermaphrodites, 

'?vr:\ "loc:'^ arr.i:.»i \n Vht- lathe ♦ 

Oct co::5Dou}*.ri r^^.st to cut correct taper, 

'-'n rhino tan^^r. 

Tnvo\it Der ^rawlnc; for drilled hole. 

<>nt<^r our.cr' VioIp, 
Ho1^rt'>.-k in drill vise. 

v>nVer dr)!"' and drUl 3/16" dlaneter hole, 

r-v/ flic: fln^r'n 'i flat surfaces, 
1 r STP c t a s ve r d rri \ np; . 



BtST COPY WMVABU 
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BEST COPY AVAILABLE 

rr^xmrT^ JOB SHEET 

TITLE: TO KAKB A V-BLOCK 

UNIT: MILL WORK 

OCCUPATION: ^^ACHIKTST 

OBJECTIVE: To ciev^.lnr) skills in the U8<5 of the move common 
typf»s of '-^^rch ^)r^d layout tools and the use 
of different types cf cutters on the milling 
ir.i?;ch\nf*» 

INPORMATIor!: V«^.^lockr- uro v^vy useful tools for jnachlne 

shop vorV;. They ar^ nsf^d for drilling holes, 
hole! in? r'^und mterial in the mill and erhfepjftr 
vloes^ and for bench and assembly work* 



SPECIPICATIOKS: 

V-Bloclc 



I^ATERIAL : Cold Rolled St<=^el 1^'* x 1^'' x 3 7/^'\ 

TOOLS AND Eq^T^^'^:T^ ro^'/^r h-.cktinvt, corr.blnation square set, 
sur'^nce i')V^t^*, rurfg^ce p:age, layout dye, 
scrlher. b^ll neen )"^>r.!rer, center, punch, 8" 
mill s'^DOuh f 11^, bev^l protractor, Horl frontal 
mill, rertlcfil r-Lll, 1/16*» mill saw, end 
mill or horizontal cutter, 90 degree form 
cutt'^r, 

PROCEDURE: 

1» Select stock as Rpecified, 

2» Cut to lf!;nfr:th w.Hh pof^^^r hock saw* 

3* Gri r vTork \n thri b*^nch vise nnd remove all 

burr-; X'rl'rh & f 5 ♦ 

Squr.rr* of stock either in mill or ahaper, 

5« Sa>v-:t'»*r* r^..^':v? of stock, 

6* K^chi':^'* i^-'-r-^r, rtor:^ \ r: **o^jf^'' amounts off of 

^ ' ' oil 
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BEST COPY WAIIABII 

P. I.^^y oiit r.hG two or, i^^-r^p V^s as per drawing* 
I'iyr-:t t':- tr 1 i x l.^lrV^ fillet releases, 

10, Tavoiit t^t^ r/.ca >: ^/3?J^ clamo slots. 

11. "-^rl^^r"^ V-'.f^ Ivr- :io <'^»^.-rf*f* V«s as ner drawing, 

■ ,o'>'»r ""ry-^ove -J] burrs ftfter each machining 
i^!>';r"ot^ wlv'i ;i rHi sir.ooth file, 

13. I'achirv' th:? K 3/32" claK'o slots, 

1^. 1 rr^pool p '^r r'rHvi!';^ ♦ 

T 5, S<:-: b;; fu'-'^ \)Ao tvo onual r;i^,ces. 

3o'.r:r^' ^.f^-^-i o>:' a::^ ''^-^ nhlne to co:^rect length, 
-M-^T iM V y ^oro^' 9Aot on one end of 

*J ^ . ovo '-r ^ b'.:rvy> • 
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JOB SHEET 

TITLE: TO NAKE A V-^BLOCK CLAKP 

UNIT: ?<ILLI!JG KACHr.;S AND LATKE WORK 

OCCUPATION: r'ACHINIGT 

OBJECTIVE: To develop skills la the use of various machines 
and soquj*nce of operations, 

INFORNATION: V-^B5ock clar/ps arf^ i:sed with the V--Block to 
hol<l rovix in V-31oaV: while various machining 
operatiors o * "bench and assembly Korlc Is being 
done* 



SPECIFICATIONS: 



CLAMP 

MATERIAL: Cold Rolled 3t<;el V< x 1 5/8" x 2 7/l6" 

TOOLS AND EQUirr-'Tj::?: Fever hr^ok saw, milling machine, 
layouT dye. f^crl'rcv combination square, spring 
divirlf^r.s, pr^oV: uunoh, brill peen hamraer, drill 
presii. cftntar . dri:! » aonrcpriate drills, band 
saw, 10»» f]^-.t dcu-lii out hastard file, 8" flat 
mill r:T:no;r. i:lf>, "--Si'^-irp tap and tap handle, 
engine; 3 chuck, facing tool, right 

hand tr.tr^Vr.;': ton], tool holder, drill chuck, 
stf^el rul^, !>»r::)nr'"rc'Ute calipers, threading 
tool , kr^r . ipa tnn'i ^ micrometer, 

PROCEDURE: 

!• Seleot 5;t:oci< specified. 

2. Cut to len^^tV. xTU:h power hack saw, 

3# Sqjaro en.i r.r-i ;rachine to length on alll^ 

Anply Vi^- out, dye* 

5. Locq.tr^ ct-.L.-r of !>/P** radius and prick punch* 

6. ^'it srr^r:- ^ilv>iors at 5/P«» radius and scribe 
arc. 

?«. o'-t mr- .iv/^->*i-o 13/l6«» radius and scribe 
^ot^: j •>vo':it ' rt:) sMefl of material. 



BEST copy AVAIUBLE 



p.. Scri:.. ; "^-r *)M of clan^p each side 

of O'^nf r^r ^ . 

Scr^.h'^ ' ' wi.lA froT certer line of 

10. 5cr*:;." M 1^)' - 'J/ " ovor fror. ed«e of clamp 
at I' ^t, ; V ' ' s lO ' fnV'^e . 

11. :>r.rl> - i - fror hnttom of clamp* 
12- I O'":'^ ' t"V f.^lr. i:o V>.^ laned an:! center 

l?i. T'-^'r, ' . ' :-M)pr: ./ith no, 3 drill and 

1^. V ' . 

. ^o^-• •'^ ontt1r;*r oil wVille tapping 

T^. ' /V,,.. ;,..^t nrTil . 1" drill and 



1 ; 



::otr: !' r^: ^"- v.a5' '•-'^m \ pjt throuj;h 

.^1' - V rv't" In ml^l and 

r-'/y^r rf)r better results* 

IP. . t:'\'.v ■ i n M -r. 

>..t.p- , --'M^'^ "1^'^ V. "^./'r''' rol^orlal along 
> r * ^'^;.%'^rr*^ layout* 

10. ; '■ . w'^rt^on vMh a bastard 

•) " : - w^tv. ri SThont.b cut file. 
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BEST COPY AVAIUBlf 



KATERTAI.: ^-vi ''I'^i rr^p-; " c\\nv n\:i>.r X 3" long. 
PHOC^:D''R^: 

3. lit • 'V'l laiV-T in 3 Javr chuck, 

5* -r ' - Ir the lathe. 

6. ' ' ' ' • ■ ^ J • a/ r cp^ ter virill. 

'--■^I'^^'l ■] ' ^ V* for 'P* . 

^ - , •> - r for 1 7/^'\ 

. ' • : t" ' ' "^v^x^r^v- tool to niachlne 

* - . ' -h.'o'. t'5r v/lth taped hole. 
\^ , ^> , ^' • Vnr-'iM?^ *wlth mill smooth 

■ .■ . '/-r'-.iir'^ end and cut l/32x 
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JOB SHEET 

TITLE; TO KAKK A CT M^'P 

UNIT; LATHE AN') I-1jLL1N:; T-IACHINE WORK ^^^^ ^^py |^\|8jtf^BlE 

OCCUPATION : VkClilV. ' ? 

OBJECTIVE: lo \' \ In the \xb^, of layout, mill 

©ni Inth • '^''ic bho sequence of oberations 

Yi^nciisr-rr' to viVt* part* \ 

< 

INFORMATION: A ^*C^' oTr* t) Is ^\\\ .oil purpose clacnp made In tho 
Gh^^T'* o: - C. It; is In general used for all 



SPBCIFICATIOKS: 

"C^' CLAKP 

V'ATERIAL: FFiArK - '^-V*^ Rolled stc^el 5/8"x2'»x3 long. 
Hand!.- v^Tl^^c^ Steel 3/l6^» dJamcter x 

Swl^^el - Cc^^c ncO.l^rl Steel 5/8" diameter x 
2f'' lorn-. 

Sorew ^ CoM RoU^^d St^sel diameter x l/B* 

TOOLS AND EQUTr?7.:Ti Co-:, .^!.^^|t Ion square^ scribe, spring 

dlv mI^^t*' '^voK^ 'lye, ojinter drill* appropriate 
drills, r-'nrr'r> ^it'* end mills, radius gages, 
10" bfA>^J'A.^ .Mo^* mill smooth file, drill 
pr;"/^!? vis -, ^'JTiir, press, drill chuck, engln<i 
1ft tlv,-;, cicl ^.^llcr^v, turnln;? tool, threading 
tool, n^^::, drive plat^^ V-Block and 

clnirD; j:i»-^:ViOft txinV.a Bnh surface gage* 

PROCEDURE: 

Sol^ch rttccV. nr^ n^oeclfled, 
2. CnV to " ••^rtvh ^<-?3th pover hao,ksaw# 
' 3. S'>t ut) v^ry^\ Khf5i!Der vise and square end* 
l*f^ ReV'^rnr? ^-^ -^k ir\ for ^nd, 

5* Sot r>quo-' \n v 5?-* and sh.^pe to correct length 



r>iT'Vu^'-' pl/ite and surface gag*?. 



EKLC 



ft. Loci9t*e center of each radius Inside "C^claapt 

center punch and^crlbe radius with spring dividers. 

9. Centerdrlll eaoi^etiter of^ radius* 

10. Drill ^" radius with 31/64" drill and l/8« 
Radius with 7/64" drill. 

•« 

11. With band saw cut out center section of frame* 

12. Place stock In tlse of milling machine* 
Note: Check vise for squarness. 

13 • Machine Inside of frame. 

14. Finish file the Inside with fi" mill smooth file. 
Use a round smooth f llefor fillets In corners* 

15. Layout and centerpunch hole to be drilled for 
screw. 

16. Layout radius on dorners and ends per drawing* 
17 • Layout angle on anvil and of frame. 

18. Mount work In vise on vertical mill. 

Note; Set up square In vise with anvil end 
In bottom of vise* 

19. Centerdrlll and drill hole with 5/16'* drill and , 
countersink. 

20. Tap with tape started Indrlll chuck with 3/8* 
16-NC tap. ^ 

21. Pile radius with 10" flat bastard file* 

22. Finish file radius with 9" mill smooth file* 

23 • Mount work In shaper vise and cut aogle on 
anvil end* 

24. Pile all surfaces smooth with S" mill smooth 
file. 

Note: Break all sharp edges* 

25. Insoect per drawing. 
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HANDLE 

PROCEDURE: ' 
1* Select Qtock as specified. 

2, Cut to length with power hacksaw, 

3, Place stock in a 3 Jaw ohuok on lathe with 1* 
projectlms, " - 

^» Round end with form tool. 

5. Turn stock end for end with 1" projecting. 

6. Round end as In step ^, 

7. Polish with emery cloth. 

SWIVEL 

PROCEDURE: 

1. Select stock as specified. 

2. Cut to length with power hacksaw. 

3. Place stock in 3- Jaw chuck, projecting 1". 

Note: Check to Insure work Is running concentric. 
Set proper R. P. M. 
- 5. Pace end of stock square. 

6. Rough turn large diameter to 21/32" In diameter. 

7. Center drill and drill with i« drill. 

8. Set compound rest at an angle of 35 degrees to 
the right. 

9. Cut angle. 

10. Set cutoff tool properly. 

11. Cut off part 5/16" long. 

12. Inspect as per drawing. 

SCREW 

PROCEDUaa: 

1. Select stock as specified. 
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2. Cut to length with power hacksaw, 

3. Mount work In J- Jaw chunk and face end square. 

4. Centerdrlll end of stock. 

5. Turn stock end for ©nd In chuck. , 

6. Pace stock to correct length and cen^erdrlll. 

7. Rough turn diameter of section to be threaded. 

8. Turn stock end for end on centers. 
9\ Rough turn diameter of head section. 

10. Finish turn diameter of head section. 

11. Turn stock end for end on centers. 

Note: Use brass under lathe dog to protect 
finish. 

12. Finish turn diameter of section to "bethreaded. 

Note: Turn diameter .005" underslze to Insan 
a free fit. 

13. Pace sholder of head section. 

1*». Set proper speeds arid feeds for threading. 

15. Set up threading tool properly. 

16. Cut thread to fit tapped hole in the frame. 

17. Rough t\x7^ small diameter or pilot section. 

18. Use form tool to cut ball on end of screw. 

19. Use form tool tc cut radius on head of screw. 
,20. Place In V-Block and layout hole as per drawing. 

21. Center drill, drill and ream 3/l6" diameter 
hole In head of screw. 

22. Inspect as per drawing. 
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JOB SHEET 

TITLE: TO NAKS A 60 ° LATHE CENTER 

UNIT: LATOE WORK 

OCCUPATION: yACTINlST 

OBJECTIVE: '^o devrelop skills in taper turning on the lathe 
by the tall stock offset method, taner attachment 
and the comnound rest, 

INFORh'ATION: A soft lathe center Is used In the headstock 

of the lathe vrhen turninc; stock betvfeen centers. 

REFERENCE: 
SPECIFICATIONS: 

60^ LATHE CENTER 

MATERIAL: Cold Rolled steel 1 I/I6" diameter x 5 1/8" long. 

TOOLS AND EQUIPMENT: Power hacksaw, engine lathe, 3-jaH 
chuck, facing tool, rli;ht hand turning tool, 
tool holder, center drill, drill chuck, lathe 
centers, lathe dop;, layout dye, drive plate, 
stenl rule, hermanhrodlte calipers, ralcrometerv 
tanpr i^A^o^ 10" lathe file, P" tnlll smoothe file, 

PROCEDURE: 

1, Select stock as specified. 

2* C\)t to length wlch power hacksaw. 

3. No\mt work In 3-jaw chuck. 

4. Face the **nd square and center drill, 

5. Rev(*rse thn work In the lathe. 

6. Fac» the end square and center drill. 

7. >'ount work between centers on the lathe. 

Arrnn^r^ lai^e for taner turning. 

Not«^: tan'^v' pttachnient or t^o tall stock 

ofrr;et rethod. Chock caculatlons carefully < 
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10. Tftst the taT)^r In ^-n^ 3 Korse Taper gage* 

Note: If taper Is not correct^ adjust setting 
to correct error, 

11 • Take second cut and test as before. Repeat 
until. yo\3 havft taper correct, 

12. Rout^b turn taper t allowing ,030»» stock for 
finlshlnc; cut. 

13. Finish turn taoer allowing ,003'» - ,004»» for 
filing. 

Note: i'Uke 3 or h marks the length of the taper 
with chnlk. Insert taoer Into No* 3 
T^orse Taoer Gage and turn clockwise only 
and check forhlgh spots on taper* 

1^, File hlcz:h spots to fit gage properly^ 

15. Polish lightly with fine emery cloth and oil. 

16. Undercut end for clearance at small end of 
taocr as oer drawing. 

Note: Break all sharo corners with mill smooth 
file. 

Note: Vfhen taner shank Is Inserted In taper 
gat^e there should be a space of 5/8** 
between end of gage and beginning of 
angle on center point. 

17. Rereov-e face plate and center from headstock 
spindle , 

IB, Place tanered shank In headstock spindle^ 

19. Set compound rest at an angle of 60 degrees^ 

20. Turn the angle on cneter point which Is 30 
degrees from center. 

Note: Chf»ck c>.ngle of oolnt with thread centor 

grige^ 

21. Insnect as oor drawing. 
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JOB SHEET 



TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

INFORMATION! 



TO ^•AKE A KACHIKIST»S CLAKP 
SHAPER AND LATHE V/OPK 



TO 



IV Devoi.cn st'llls In the use of different 
icachlnaa, us« of hRndand layout tools and the 
sequence of oocratlons, 

A mflo^ilnlst clan^p may be adjusted to fit a plfsce 
rif vfor'K by •^enufi of a sr.rpw ppRsln? through the 
c-»nt?r c.f erch .lavr. Another scrRW In the end • 
of one Jaw Is used to put pressure on the other 
.Vm. Jl \B used by mchlnist for holding 
sriall parts at the bench and at machines. 



SPECIFICATIONS : 



FACKINIST'S CLANP 

h^ATERIAL: Part Mo, 1 and ?.. Cold rolled steel 5/8" x 

Fftrt no. 3 and Cold Rolled eteel 11/16 
dlflTetor 7 3 7/R" long. 

Fart ?:o, 3. Cold Rolled steel 3/l6" dlaneter 

X 2 Q/16" lon^, 

TOOLS AND KOU IF Po'-'er hacksaw, engine lathe, cutting 

■coo] , tc-;j hold'-r, 3 jaw check, ^4— Jaw chuclf, 
comblnnt Ler. FO'jare, scribe, layout dye» 
shmer. 1'" baster file, R" mill smooth file, 
cGnterpnn-~,h , ba3 1 pc~n haranier, drill press 
vise, drill press, drill chuck, center drill, 
count-irpi nk. P drill, 21/64" drill, threading 
tool an(i V block, lathe dog and drive plate. 



PROCEDURE: 



Parts 1 G(-d 2 JAV3 

1. Solent Rtock as specified, 

2. Ci:t to lerrth with power hacksaw. 

3. Place s.ror.k in 'J— Jaw chuck v/lth 1" projecting, 
Kotf: Ai.'.u'it j'^Hs so stock runs true. 



h. Set proper spindle speed. 
5» Pace one? end only. 

6. Transfer f:r> work bench and lay out berel at 
faced end of stock. 

?• I^ount work In shipper and shape beveled section* 

R. I^ylbt 5/1 6»» radius on ends. 

Q. File radius and check with radius gage. 

10* Layout and centerpunch holes to be drilled In 
jaw No. '1 . 

11. Place jaw Ko. 1 on top of ,1aw No. 2 In position 
they will occupy vhen assembled and clamp 
tof2:f;ther * 

12. Drill hol(> with F drill at beveled end, drilling 

through 1m, th olt-^cos. 

13* Drill hole with F drill at opposite end through 
jaw Ho. 1 and part way Into jaw Ko. 2 as 
per drawin^j. 

1^4'* Redrlll hole through jaw No. 2 at beveled end 
with 21/61^" drill. 

15» Squ^^re bottom of blind hole In jaw No. 2 using 
a drill o;round flat on bottom. 

16. Tap 5/16-1 P-NC In jaw No. 1. 

17. Countersink tanpod hole In jaw No. 1 to depth 
of threar^, 

IP'. Break .?5harp edges with a flle» 

19. Drnw file and polish all surfaces. 

20, Tnsp'^ct per drawing. 
Parts 3 '^nd ^4- SCREWS 

PROCEDURE: 

1. Select stonk an 5^peclflod. 

2. Cut to lon.rth vlth po^r'^r ho.clvsaw. 

' ' ' • r 

!.'ot(; : Ch'^oK t^' 'in^i.iro ohuok Is running 



BEST OUP^ AVftlLABLE 

h. Face end and cftnt^rdvlll 
5# Reverr.e* Kork lathe. 

6. Face end to correct length and centerdrill 

?• Place betwe.on centers on lathe and drive Kith 
lathe dos^, 

Spt oroner spindle npeed. 

9. ApDly layout dye* 

10. Layoiit as por drawing, 

11. Rou^-,h turn flection to be threaded. 

12. Turn stock end for end on centers* 

13» Rough turn lar^e diameter to rough size for 
shoul der. 

IM-, Roup^h turn recessed section, vAslng srcall 
round nos;e tool ground to forir fillets at 
shoulders. 

15» Finish turn larf^e diameter. 

16. Finish turn recessed section. 

17. S^t forip facing tool and form radius on head end. 
IP, File r^^dlun on collar as per drawing. 

19. r'lle all rrachlnod surfaces 11q:htly to remove 
tool ir.-^rks nnd also bre^k all sharp edges. 

20, PollGhod finished pc^ctlon. 

T'ote: Vse- r?ne ^^v.cry cloth and oil. 

ZL Turn v;ork '^nd for T^nd on centers. 

K^ote: Use braj^3 ander lathe dog to protect 
f lnl^:h, 

22. Finish -.'jm r-f.ctlon to be threaded. 

I'otr-: Tur^^ .005" u^inrsl7<? to insure. a freet fit. 
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2h. Set proper soeeds and feeds for threading. 

25. Set UP threading?; tool properly. 

26. Cut thread to fit tapped hole In ,1aw No. 1* 

27. Round end of screw No. 3 >flth forming tool. 

28» Turn STr.all section at end of thread on screw 
No. k for pilot. 

Note; This should be a slip fit In blind 

hole in .law No. 2. 

29. Center punch for drilled hole through head 
section. 

30. Drill hole through head section for drive 
fit of Part No. 5. 

31. Tnsoect as per drawing. 
Part No. 5 PIN 

PROCEDURE: 

1. Select stock as specified. 

2. Cut to length with power hacksaw. 

3. Place work in 3--ja>' chuck with 1" projecting. 

4. Round end with fox^ni tool, 

5. Turn stock end for end with 1'' projecting. 
6* Round end as in step 4. 

?• Assemble as per drawing. 
Inspect as per drawing. 
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JOB SHEET 

TITLE: CLAVP LATHE DOG 

UNIT: LATHE WORK . 

OCCUPATION: l^ACHINIST 

OBJECTIVE: To dftvolop skills In the use of layout tools 

and various machines and sequence of operations. 

INPORN'ATION: The clamp lathe dog Is used to drive square and 
rectano;ular vrork pieces bcjtween centers on the 
lathe. The tall Is Inserted Into the drive plata^ 



SPECIFICATIONS: 

CLAKP LATHE DOG 

VATERTAL: Cold Holled Steel 7/P" X x k 7/l6" long-Jaw 

Cold Rolled Steel X 7/P" x 7 long- 

Tall Jaw 

Cold Rolled Steel 13/16* Dlaireter x k 13/l6 lorg - 
Screw 

TOOLS AND EQUIPMENT: Power hacksaw, layout dye^ scribe » 
combination square » milling irachlnet center 
punch » ball peen hamn^er^ 10" double cut 
bastart file, 8" mill crnooth flle^ drill press 
vise, drill oress. 15/32" drill, engine lathe, 
• centers for lathe, lathe dog, facing tool, right 
hand turning tool, tool holder, knurling tool, 
threndlng tool. 3/^^" drill, 7/l6-li^«NC tap, 
and Indi^x head. 



PROCEDURE: 
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PLAIN JAW 

1. Self^ct stock as specified, 

2. Cut to length vrlth power hacksaw, 

3. Layout and nark location of 90 degree notch In 
center of stock, 

h. LooRte and draw a line throui:5h the center 

lenp;thv/lse of the slock to Intersect tlia lines 
nlrr^Adv dr.^wn for location o!' dep^ree notch, 

5* Starthiia; fror thla center ^ layout mnd mark 

location of holes to be drilled. Layout radius 
on «nds of ntock, 

6, Fount work In vlr.o of vr^rticnl inlll find machlno 
the QO deRre>*^ notch. 
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7, Drill l'5/32" clearfince hol«s 2 places for screws, 

8. Rough file radius th 10" bastard file. 
Note: check radius with radius gage* 

9* Finish file radius with mill smooth file. 
10* Draw file all surfaces. 

Note: Break all sharp edges and cornerSt 
11. Inspect as per drawing. 
PROCEDURE: 

TAIL JAW 

1. Select stock as specified. 

2. Cut to length with power hacksaw. 

3. Nount work In ^-Jaw chuck 

Note: Check to Insure work Is running concentric. 
Set lathe for proper R. P. K. 

5. Pace end of stock. 

6. Reverse stock In lathe and face end to correct 
length. 

?• Set taper attachment to cut taper of 1 9A6" 
per foot. 

Note: Taoer my be cut with tallstock offset 
Tnethod. 

8. Take trial cut on tapered section. 
Note: Check for correct taper. 

9. Hough turn tapered section. 

10. Finish turn taperf>d section. 

11. File tanered section lightly to remove machine 
Tparks. 

12. Polish with a fine emery cloth and oil. 

\A\:ro\\\. cont.'-r of notclu 
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lU, Layout radius on end of Jaw. 

15. fount work In vise on vertical mill and naohlnB 
90 degree notch. 

16. Rough file radius with 10" bastard file. 

17. Finish file radius with 8" mill smooth file. 

18. ClawD Jaw on top of tall Jaw In oosltlon they 
will occupy when assembled. Be sure the 90 
def5ree notches are opposite each other. 

19. Through the plain Jaw spot centers of holes 
m tall Jaw with 15/32" drill. 

20. Drill two holes In tall Jaw. 

21. Tap two holes 7/l6-l^-NC In tall Jaw. 
Note: Use plenty of cutting oil. 

22. Draw file all surfaces. 

Notes Brealc all sharp edges and corners • 

23. Heat with acetylene torch and bend tall as 
per drawing • 

2k. Inspect as per drawing. 

PROCEDURE: 

SCREW 

1. Select stock as specified. 

2. Cut to length with power hacksaw* 

3. Kount work In 3- Jaw chuck. 

k. Face end square and center drill. 

5. Reverse work In lathe. 

6. Face end to correct length and center drill • 

7. Place stock between centers on lathe and hold 

with bent tall lathe dog. 

8. Roufl^h turn small dlan^eter section. 

9. R^^^'^rf^e f?tno\ In Irxtho. 

10. Rout;h turn larf^<5 dloninr^er section. 
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11. Finish turn large diameter section. 

12. Set lathe for knurling use medium kriti'rl^ 

13. Knurl all of lar^?e diameter. \ 
Note: Use plenty of oil. 

l'^. Rough turn head section^ 

15. Finish turn head nectlon. 

16. Rou;5h end' of head section with form tool. 

17. Reverse stock In lathe. 

Note: Protect stock vlth brass under lathe dcg 

Ifi. Finish turn small diameter. 

Note: Turn small diameter .005" underslze to 
Insure free fit. 

19. Face sholder of knurled section. 

20. Set lathe for proper speeds and feeds for 
threading. 

21. Set threading tool properly. 

22. Cut thread to fit tapped hole In tall jaw. 

23. Rounrt end of threaded section with form tool. 

2h. Kount work in Index head on vertical mill. 

25. When end of cutter touches work raise table 
.OQi^» and cut flat. 

Z6. Index 10 turns and cut flat. 

27. Repeat step 2? for next two flats. 

2B. Inspect as per drawing. 
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JOB SHEET 

TITLE: TO KAKE A BALL-PEEN HAWKER 

UNIT: LATHE AND MILL 

OCCUPATION: MACHIT^IST 

OBJECTIVE: To acquaint the student with the use of form 
tools on the lathe and the use of the Index 
head on the milling machine, 

INPORMATIOM: A sroall ball peen hainmer Is used on small layout 
and very email or light work. 

REFERENCE : 
SPECIFICATIONS: 

BALL-PEEN HAMMER 

MTERIAL: Tool steel diameter x 2" long* 

TOOLS AND EQUIPI^EKT: Layout dye, hermaphrodite calipers, 

engine lathe, facing tool, right hand turning tool 
form tools, tool holder, 8" mill smooth file, 23/6+ « 
drill, #6 taper pin reamer, edge finder, milling 
machine, index head and mill cutter. 

PROCEDURE: 

1. Select stock as "specified. 

2. Cut te) length on power hacksaw. 
3» Mount work in lathe collect. 
^. Face end square. 

5# Reverse work in lathe. 

6. Face end square and to lenrth. 

7. Apply layout dye. 

8. Scribe 5/8" line with hermaphrodite calipers 
for the head. 

^ 9. With form tool of 9/6-'^" radius set center of 

'V*: AO'"''^'' \\r^ )\nn -/iun^r cut to .290 
dlarrtece:r. 

Note: Use plf^nty of oil while plunge cutting. 
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10. Reverses stock In lathe. 

11. Vark center of .235 dlametf^r Kith hermaphrodite 
calipers. 

12* With forrr. tool of o/6U" radius set center of 
tool on 55crlbed lin© and plunge cut to .235 
diameter. 

Note: Use plenty of oil vrhlle plunge cutting. 

13. rachlne dlair.fjter to ^^30 diameter for ball 
end. 

1^* Tfechlne b511 with a 7/6^" radius form tool. 

15. File crown of 1^" radius on face end* 

16. Chuck stock in Index head. 

17. With edP:e finder find center of hole to be 
drilled. 

IR. Center drill and drill 25/6^" dlaraeter* 

19. Ream to center froTn each side with .350 #6 taper 
pin rean^er. 

20. Index 10 turns. 

21. Cut flat with bottom of end mill to A77 
diameter. 

22. Index 20 turns and machine second flat to •'f53 
across flats. 

23 » Polish and break all sliarp edges. 

Zk. Inspect as per drawing. 
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JOB SHEET 

TITLE: ' HArvD C?X:TK\i PUNCH f^JWlA^^ 

UNLTt i.athf: work 

OCCUPATION : KACJi I \'T ST \ 

OBJECTIVE: To (]f-veloo skills In strai^^ht turnings shouldar 
turning, taoer turning and knurling. 

INFORi'^ATION: A hand center punch Is used to centerpunch 
layouts for drillln:^. 



SPECIFICATIONS: 

HAKD CE^'TSR PU^?CH 

MATERIAL: r'ACHir.'ERY STEEL 1 1/8" dlatneter x 4" long Hamne r. 

Cold nolled Steel hex x Zh'' lons^ Knob* 

Tool steel 9/l(^'' diameter x 5 9/l6" long Punclx 

TOOLS AND EQ'JIP^'^N'T: ro;>-er hacksaw, enaclne lathe, 

chuck, ^-law chuck, dead center live center, 
lathe -.io'^, face nlate, faolni; tool, right hand 
turnlnc; tool, tool holder, knurling tool, form 
tools, center drill, nooroprlate drills, taps *, 
and dies, layout dye, hermaohrodlte callperst 
P'* mill srrooth file and en^ery cloth. 



PROCEDURE: 
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HAFKER 

!• Select stock as soeclfled. 

2, Cut to leniTLh with power hacksaw. 

3. Tount work In '^.-^^qw chuck projecting two 
lnch(*5^. . Indicate chuck so as stock runs true. 

^. Face end of stock square and center drill. 

5. Fiacre 1 U-e center In tallstck and adjust to 
.n\)nnort work. 

6, Routth turn d5 rirrete^r • 
?• Flnlnh turn i^. ai-ct:^r. 

9. Turn tc\ ner on noi:e of \^ov\\ « 

):()te: i'V^^d tool '.vlth co iDoun^^ rest. 



BEST COPY AVAIUIBLE 



10* Flnl^:h file all machined surfaces with a 8" 
mill sinootli file to remove all machine marks. 

11. Set lathe to knurl large diameter. 
Note: ^se plenty of oil. 

12. Drill work as per drawing. 

13. Cut off work to length as per drawing plus 
1/3^'^ to face end, 

1^)-. Kcunt work In lathi* chuck with lA" of stock 
pro .looting and true as before. 

15. Face rnd tc length as per drawing. 

16. Roun<1 edges with a 8" mill smooth file. 

17. Polish with emery cloth and oil. 

18. Insnect as per drawing. 

PROCEDURE: 

KKOB 

1. Select stock as specified. 

2. Cut to length with power hacksaw. 

3. Kount work In 3-,1av; chuck with one inch 
projecting and running true. 

Face end of stock square. 

5. Chamfer corners. 

6. Centerdrlll end of stock. 

7. Drill to size as oer drawing. 

fi. Tap as per drawing. 

Note: Hold t&p In drill chuck In tallstock 
splndl?^. 

Turn hoadatock by hand. 

9. Cut work off to lencjth as per drawing, plus 

1/12," to fao?> end, 

10» ro'int U'^ ^^nih"* ^ '-'^'^l: with unflni^^h'^d f^r\<\ 

11. Fftce rnd of 5»took {square. 

12. Fpce to If^nrth p'^r drm?lng. 
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BEST COPY IWMLABLE 

13« Round end anA foirc fillftt with forming tools, 
as per drawing. 

1^. Polish with emery cloth. 

15* Inspect as D<tr rtr.:.vln^* 

PROCEDURE: 

PUNCT 

I. Select stock as specified, 

2* Cut to length with power hacksaw. 
3» ^''ount vrork In 3^.1^^^ chuck. 

Face end of stock square and centerdrlll. 

5. Reverse work In lathe chuck. 

6. Face end of stock to lenc:th, plus 5/16" to 
remove the center hole In punch end. 

?♦ IRowi^h turn lA" dlonieter. 

B. Rough turn large dlanieter, 

9. Finish turn larp-e dlametf^r. 

10^ Finish turn lA'» diatreter. 

Kote: Allow .003" for polishing to size. 

II. Flnlrh turn section to be threaded .005" 
underRl?:e. ^ 

12. Face shoulder of large diameter. 

13. File all finished surfaces lightly to remove al^ 
machine mark??. 

1^. Remove woi^k from C(^nters and place in lathe chucks 

15. Hold die square with tallotock and die stock 

restln;:; on tool holder. 

16. Keen a steady presRur*^ with tallstoek, RPM vejy 
slow and wart plenty cf oil. 

17. Cut thrertd to fit tntrcd hole In knob. 
IB. R',vrr?/«* vork lath*^- chuck. 
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(WliWlABlE 

19. Rougli turn 3/1^" diameter. 

20. Finish turn 3/l6" dUnieter. 



21. Face? shoultl^^r of lar/-;© dianoetcr section to 
IftHP^th as per drarrln^* 

22. Pace punch end to length. 

23. Set con^Dound rest pt proper angle to obtain a 
taper of 11-^ depjrees. 

Note: This Is approxirriatelj'' 96 degrees to the 
right. 

2^1". Turn tapered section 

Note: Feed vith comoound rest. 

25. Set compound re.st at an angle of 120 degrees 
to the right. 

26. Turn anf^le as oer drawing. 

27. Polish all trachincd suri^eces lightly to remove 
irachine T^^e.rlis. 

2P. Hardrsnerl and dravr temper. 

2Q. In5;D^ct as per drnvrlns;. 
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JOB SHEET 



TITLE: 
UNIT:, 

OCCUPATION: 
OBJECTIVE: 



HOW TO MAKE PARALLELS 
SHAPER WORK 
MACHINIST 



^^^^ 



To develop skills In operating the shaper, 
layout t use of drill press and surface grinder 
after hardening. 



INFORMATION: Parallels are used with thin stock so that It 
tPAV be raised to a convenient height In the 
vim to machine or do work on. 



SPECIFICATIONS: 

PARALLELS 

J^ATERIAL: Cold Rolled Steel per chart* 

TOOLS AND EQUIPrSi^T: ShaPer, drill press, surface grinder. 

steel rule. 8" mill smooth file, layout dyet 
scrlber. center ounch. ball peen hammer, 
combination square, shaper tool, 1" micrometer. 
2" micrometer, center drill, drills as listed 
on chart. 



PROCEDURE: 



1. Select stock as specified per chart. 

Z. Cut to length vrlth power hacksaw, 

3* Square end and cut to length on vertical nlll. 

4, Layout per chart for shaper. 

5* Shape to drawing, size. 

Note: Leave .00?" • •008" for grind stock 
per side*, 

6. Layout for drilling. 

7. -Drill holes as per drawing size on chart. 
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JOR SHEET 

8* Countersink all holes • 

Note: Use corre^ct size counterslnlc to 
deburr holes • 

9. Break all sharpe edges, 

10» Inspect as per drawing* 

11. Harden and draw temper, 

12. Grind todiart si^e. 



BEST COPY AVAIIABIE 
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JOB SHEET 



TITLE: HOW TO KAXK IIOLD^-DOWNS 

UNIT: SHAP^C^ WORK 

OCCUPATION: ^!ACH1^3IST 

OBJECTIVE: To devcjloD sliillf? In usd of the shaper. To 
develop skills usln;? hold downs in a shaper 
on parallels and ansuldr shaping. 



IKFORKATION: Hold downs are used in holding; thin stock above 
the too of the vise In order hhat machining 
operations inay be Derformed. Th'^y are 
vred*.:e nhaoed In cross section with the thick 
edf^e bevf*l(*d 20^ deft;rftes. This causes the 
hold-down to pre.ss dovinward at the thin 
edge v;hen brought ac^alnst the work. 



SPECTPTCATTO^•S : HOLD- DOWNS 

MATERIAL: Cold iiolied Stfrel x 1" x 6 1/3" 

TCOrS AND EQV'TryE^T: Po'-rer hacksaw, shaper, surface grinder, 
vertlcle tp\1], rr.lllln-:; cutter* combination 
square, scribe, layout dye, ftage blocks, sine 
nlato^ 

PHOCEDURE: 

]• Select stock as specified, 

2. Ctjt to Ir^ni^th with power hacksaw. 

3. Set H'ork In shap^r vise. 

SViaoe one side with the use of hold-downs^ 
5« fihnof* onponlt-.e side ar pi*r drawing. 

Kote: leave .015*' over all grind stocVc* 

6. Ftouoh out t.hlr.1 r.idft to 15/l'i". 

7. Sf^«=iP'" fomM.h .sirif» to ?/^'" t)lo55 (?rlnd stock. 
!'ot<»: irri'v* ..'^-l"" ovr-r h1\ c;rlncl stock. 
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to finlsherl Icr^sth.Bw* ^^^^ 



R« Fill ^n.io sqimrr 

9. Shape out i/'i2'' x •>/32" section^ 

10, Shapfi ant^le on too as per drawing. 
11 • Harden and iIiyaw teu:r«r* 

12. Tir^.ss grlndinr*'. v;heel» 

13. Finish .Gjrlnd both sides of 5/l6" dimension. 

1^1. Grlnrl 6 dei^r^f^ ant^le and onposlte side as per 
drawln^;. 

1 5« Insuf:ct as prr drawln??;. 



JOB SHEET 



TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

INFOHrATION 



BEST COPY PVAllABli 



TO yAXK A :-.:JNCH iLOCK 
LATHE A:CD DRILI PRESS WORK 
KAC?T\'JST 



To fi(»v'*]oo skl""!ft In bench layout, lathe and 
drill prf»;;r- oni^r^.t i ons. 

Th^ her->ch r^] ock Is very useful for drill press 
work, knockiru!; o\it plnn and bench assembly. 



SPECIFICATlorS: 

" Bp:':CH BLOCK 

MATERIAL: Co\r) Rolled. Sterol 3 1/8" diameter x 1 5/8" long. 

TOOLS AT:D EQrir-^'T; •^o-.-'»r ^'.-icv.saw^ ftngine lathe, 3-3ftw chicle. 

drin t--r<^8r. sitf-t^l rule, center drill, facing 
tool, rlii..-.c ■-.nrri l-,urnln.3; tool, knurling tool, 
8" r-ll'i sro'^ file, layout dye, corrblnatlon 
squB.r^ , vi ivir^srs, center ounch, ball peen 
h=i!T:r;»rt p.rrr c^r j at ft drills and reamers, vertical 
TT'lll fer.^ u'lllln- cutter. 



PROCEDUHE: 



1. S*l**c* rv.'^i''< c\s so'rclf led. ^ 

2. Cut to "-'i'lh' with rower hacksaw. 

3. v-,.,,-^ '•7or:\. ■ p ]9ty-i* PLTid faoft end squaeie. 

5. Drill o/i^v' r'.jct r.ola. 

6. Dn"::: '.hr,v;..-h 9/1 hoTo. 

■ - ■ ■ -X" oil . 

- •• -! l,iT'st<--i' 1" deftp. 
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Tirr.R: 

UNIT: 



OCCl'PATJOK! fAi" ;:-"r;; 



OBJECTIVE: 



To d'-vi*! ■ • n ■ 
turn J rst- ■ 



INFORM ATI OK: A. V-h^:- !id 1 r 



BEST COPY IW^ll f\Bl£ 



1 - ' ' il , e^t-rDHl taper 
' o wn the horizontal ralll^ 



' "i u5'^^ to hc^f* aiA turn 
-f: I'^'y^ dUm.otor, The 
* ; . I/' '^^^l h d.v f>,e tap 
•il.*^o ;;5^;**-ruJ for turnlnpc small 



SPECTPICATIOr.3: 



v.t-^-'i 1 1/16" di?:i-e:ter x 



5t^*- - no\r f^- i 'ilr.rr-ter x 3 7/0" long, 



TOOLS a::d Kvc^'' ' T :- ■ - ^: 



^ ' ip.tVr!^ facln^r trool» 

rn^onth file, 



"-.1 ^Ti j . r.illlnR 



T . -.T ^ • . • ' 

3. ■ ' . 
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BEST COPY AVAILABlf 

Face f?nr1 of stocky 

5» Centei^drlll and support work Kith center In 
tallsto^.k • 

6. Rou<?;h turn dlait'cter, 

?• Finish turn diameter* 

R» Rou«5h turn tanrtr, 

9. Knurl with eltlirr iT>c*cUum or course; knurls 

Note: ^ise ol^nly of oil. 

Sftt correct spt*ed and f<*ed for knurllns 

10. Finish turn taov*2r, 

11. Drill into ftnl of work as per drawing. 

12. FH « tnpered section v?lth 8" mill smooth file, 
break all sham Polish tapered section 
with fine erre*ry cloth and oil. 

13. Cut off work as per drawing:. 

Note: Uf;e plenty of oil on cut off tool. 

1^, Nount work in 3--,1aw chuck, with unfinished end 
pro .lectin.^. 

15. Face end to Iftn^^th 

16. Dr5 11 1 rit-en with 5/^'' drill, 

17. Pove holf* to r^^^X'T ar/3 df.pth as p^^r dravring. 
Bore thrm^ir!'': ri-cT^.^s, 

10. Tan ^ol<* '^/Zui6-^::F. 

Not^: n-<^ sl-nrtlnu: t-t), plui; tap and then bottoLi 
f'Srt olr^Mty of oil. 
20. i^-^v-^r^^rj work Vi cr-;c\. 
2] . P'^;^^- taf^<- vr:3 'i\-^\f-.. 



PROCEDURE: 

HANDLE 

1. Select stock as specified. 

2. Cut to length with power hacksaw* 
^ 3. Place stock in lathe check. 

4. Face and round ends to length- 

5. Inspect as per drawing. 
PROCEDURE: 

STEM 

1. Select stock as specified 

2. Cut to lenth with power hacksaw 

3. Mount work in 3-jaw chuck. 

4. Face end of stock. 

5. Reverse work in chuck. 

6. Face end of stock to length. 

7. Rough turn all diameters. 

8. Finish turn all diameters except the tapered 
section. 

Note: Turn the threaded diameter .005" underslze 
for free fit. 

9. Finish turn all fillets. 

10. Set proper seed and feed for threading. 

11. Cut thread to fit tapped hole in nut. 

12. Drill hole In end of stem as per drawing. 

13. Layout, center punch, drill and ream hole through 
diameter of head. 

14. Mount work In index head on horizontal mill. 
15- Center work over cutter. 

16. Set proper speed and feed on mill. 

_ . . - 61 
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J0i3 SHEET 

TITLE: Aa7U:';TAPI.r: TAT WH*:*^;r:H 

UNIT: LATHK WORK AMD KiI,L WORK BEST COPY ftVWlABLE 

OCGiPATICtv : VhCnil T 

OBJECTIVE: To df^v^^l on .s In stralprht tuinilng, threading, 

knurling <'>ncl nL.coohly of parts aft^r machining* 

IMFORMTIOTI: Ah nrt.lofJtabl^* t^^r. wr'^noh Is a straight type 

vr^riCh navlr-" ^ V-n^.^uert on^^nlnc: In the cftnt^n 
A sl5.f31n«; iTirmL*-;*. or fxd Ji^etnble .lav operated 
by on<^ of thf^ ii>:p.c:l?».:^ irakes It possible to hold 
taos of varlonji slr.en. This type wrench Is 
TT.ficle In ran 7 Giz<^s to turn taps and reamers 
of all ol^es. 



SPECIFICATIONS: 

ADJrSTA/^:-^ TAP ^!HENCH 

MATERIAL: Ad.liiJ^tJnc; .si - C'^ld Rolled steel ll/l6«' 

d1/=riret.er x 5'* ^* 0:1*2;. 

Body Cold Hollt-d Steel 3 A" diameter r 7 
5/] 6" lon.> 

Pluni.':er - Tool Steel diaiiieter x k 3/I6" lori^ • 

Snrln»; - Vur^Tt wlr^ .nU? dlayneter x 2 1/8** long* 

TOOLS At-iD KQUirr':!'T: v^^-r 'r '\..ru engine lath(^. vertical 
r.ill, fnojp::; ! r'-^.:it hf-inrl turning tool, 

t.:)ol V"'.' t r , '-^ - % -7 ^\^\\\rX , de\»d center^ 1 Ive 
center, In* c.r\ve plate, drill ch»:ck, 

c^ritcr-^-* 1 i . ric^t double nut bastard file, 

mill ^.ri«-^'^h f , layout, dye. c^ntcrpunnh , 
fi^Psb'*, ^^r.*' i -tv/.on .:.r.;are, ball i^-^iern hr^inmer, 
\'\r ^- \, 'W , - : nr'^-rir drlllG, \A^.'^>Ay ro^^ 



Mount' wcrk in J?- ja\w ciu^^k 



PT?on Fir/ '^r' ; 



1 . 



«). C«nt<»rdrlll ^^nd of stock. 



BEST COPY AVAILABU 



rinc^ ^\^T^ \: ^all.:^oc:t atid support 

Pa. Flnlfh t -rn 1 nr;*:'^ 1 iP.:nf*t<^r. 

Q. Knurl Kir.;-*t ^'imv^^^r v;lth ne^cMun or flnft diamond. 

Note; : " ' .cf r'"^. 

■i-rtl ( -^rr-ct and fe^^d for knurling. 

10. Br^ak all sh^rr^ ftiU-ftS H\tb a B«» mill smooth file. 

11. Foil ah y\\s\\\ (Uanrt'^r witVi finft ftmery cloth 
and oil. 

12. Drill '^^i •'>I* v'Uh tan clrlll .to drpth. 

13. Tai) ^^r>^f, r,tjr,:'->^'tl and ^nairtlng t^p with tailstock 

1^. C-i)t l-r.^:/i, i Vv'^ n/'?** for end. 

*•o^^: '^^^-^ ' r, 1 ; ^rt to proter.t knurl. 

17. Fil^ r-. i.r. ' * ' * V latu^ file. 

IP. Fol ^ - . ^ 

in. Toy-. ^ *n '^'i! sl^rv^. 

PC. Crp/'-r I r.<vjntr^rf-lnk holfi. 

21 . :t.. r - ••'^ ' • ' ^ - • 
PROCEDURE :^ 

1. Select stock as specified. 

^ 2. Cut to length with power hacksaw. 

3. Mount work in 3--jaw chuck. 

4. Face end of stock and centerdrill. 

5. Reverse stock in the chuck. 



6. Face end to length and centerdrlll. 

7. Mount work between centers on lathe. 
'8* Rough turn all three diameters. 

9. Rough turn fillets at shoulders. 

10. Finish turn all three diameters. 

11. Finish turn fillets at shoulders. 

12. Set up lathe and threading tool to machine 
1/2-20-NC. 

13. Cut threads and check fit with tapped hole In 
adjusting sleeve. 

14. Set work In vise on milling machine. 

15. Mill flat surface on center section. 

16. Layout » centerpunch add drill hole through 
center flat section. 

17. Mount work In 3-jaw chuck on lathe. Set up 
steady rest on 7/16" diameter to support work. 

18. Drill and ream hole through handle to meet 
drilled hole the t flat section 

19. Saw 1/16" slot through threaded section. 

20. Mount work In vise on milling machine with flat 
section on parallels with drilled hole clear of 
parallels. 

21. Broach 90 degree notch In body to hold tap. 

22. File and polish all machined surfaces. 

23. Inspect as per drawing. 
PROCEDURE: 

PLUNGER 

1. Select stock as specified. 

2. Cut to length with power hacksaw. 

3. Mount work in 3- jaw chuck. 

4. Face and square 

67 
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r 



\n In the c)iu^*k. 



6. Face ^n(\ squ^t)-/* to IcPitfu plus 5/8" stock 

for removln;s c^'it*^.rs» 



7- 



Centerdrni ^n^l -)r k 



Mount v/ork betw<:-n cent''ix\s on lathe* 



9# Rough turn two dl^^rete-rr. 

10. Pace shoulder t'-« lcnc:th, 

11. Finish turn r:i^M.^-rfrs, j^avcj •O03'»-.00'f" stock 
on small rtlairif^ter -f'or 1*111 n^r to size* 

12. File Tor slU> fit In to reajried hole through 
handle of hocly. 

~?1T* Place work lr^3AtK<^^xhack" wlth~^^rnaTr^ 

and face end to length removln^s the center. 

l/j-. Reverse work In lathe chuck and face large end 
to lenirth, r•^:rov in^; the center, 

15. Turn JO^ rankle on l«rt:e diameter by using the 
compound rest. 

ifi. Set oart Ir vl<:'- rrnilN;': nachlne vrlth the 
side of riartr At ^5 ^>£:r'^'^s to bottom of vise. 

17» Machine 90 d'^-r-^e r.otch rmd clec;ree angles 
on sn-all dlar^etrr. ^ 

IP. layout centerininch nr«i irlll for pln« 

10. Hardened all ov-r nnd r:rox< te:^rer, 

20. Inspect as n**; -.V^'^- 1--:^. 



PROCBD^^RS: 



s 



drill ■r:'^*! - 



•r*:] r.r* lonfl; and 
. -'^-r l^'* from end V7lth 



; / Run music wlrn (ir« .?aup;^*) l:)etvfe«n~tw» wood or ^^^^ iiwjiii«6i-J 

< filer b"io.'<.ks c?.ftir.prtd In tool DostT- -Bend a hookoMl UIPY AVAILABLE 

on «t.d of wlrft lA" lon^'anr at" right angles-. - 



5. Place hock through hole in rode (froifl bo.ttom side) 
and run cross allde bade until wire Is tight, 

6. Place lathe In back gear at slow R.P.K. 

7. Arrant^e lathe to cut 6 thread's per inch, left 
hand. 



Notet The wire should be stretched-at right 

i' ' angles to the rod when winding begins* 

I" When aprlnc; Is v;ound, back lathe spindle 

I up by hand until tension is rlStieved, 

1 ' before cutting .wire, 

I Wind spring the same as cutting a left hand 

L . thread . 



Cut wire close to hook and reinbve spring from y 
rod. ^Cut soring to length and grind ends. 

10. Inspect as oef dravrlng. 



m 
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BEST COPY mm\i 

JOB SHEET 

TITLE: * TO KAKE A DIE STOCK 

UNIT: lATJIS WCHK 

OCCUPATION: I^ACHTivlIST 

OBJECTIVE: To develop skills In layout and mfichlnlns .of 
T'KJ'tc: !>.nd assembly of pai'ts after icfcchlnirig, ' 

INPORMATIOII : The dift stoclc Is used to hold a die for cutting 
thro.'ids of sniallor nlzes. It holds button 
dies to cut threads whil« holding tha -work In 
a pMHih vise. These threads are not s\8 abcurate 
as vfhen they are cut on the lathe. 



5PECIFICATI0?n:.S: 

DIE STOCK 



MATERIAL: Cold Holl?-! Steal 

Body :i '3 A" dlarooter x 7/B" long, 
Kancll'^ d'.RTnete-r r 5 long. 
Guide 1'= dlaweter x 3/U" long, 

TOOLS ATJD E0.UI??-'"»:T: L'ayout combination square, center- 

dri1.1, j;ov-ropriatc drills, appropriate taps, 
and dler,, mill smooth file, sc:tlbo, "ball 
r)p«n Vuinr:t'r» centc?r punch, i" counterbore, 
ste.ftl rul?^.. hacliyavf, inlcroinct«r and hermaphrodit* 
caliper?. 



BODY 

Seine i- o'bcch as sp.'jolflcd. 

C>i\: to "ivn^ th on pcn?ftr ir'.cksa!-:. 



BEST COP^ '^^"^^^•^^^^ 



8, 'Rhy^vr^^ :^tock in lathft-. 

9. Faco enr: squarft and to length. 

J 

m. Borr dlair.cti»>r x deep. 

Note: Check Inside corner for Bquarnesfl* \ 
11 • ^1oant vfork on' 3 A" dianieter lathe mndral* 
12* Tiirn out:>ide dlrtmetttr to 1 5/8" • 

13. 'Hedlum knurl as per drawing. 

14. Brftnk f?harp edg«Q to 1/32" rddlus. 
15» Layout all holes as per drawing. 

16. Drill two holes with <^20 drill. 

17. Tap with 10^.32^NF. 

18. Drill two holes with 17/6^1." drill. 

19. Tap with 5/l6-24^KF. 

20. Counterboro diameter x 1/32" deep. 

21. Inrrxsct as per drawlnaj. 

HANDLE 2 RSQ 
!• iSelect stofik as apeclfled. 
2* Cut to lenp;th ori po>/er hackeavr, 
3t Pace '^nd square. 

h. Centc*rdrtll end and place- cj^nter In tAilstccU 
In Dart* 

5* Tn?c part, 

(}. Knrri c^n^ of hfin^ilr> to 3enAbh of 1 7/8•^ 



I 

10. Turn t^ip^r. 

11 • Cut 5/l6-2'+-MP threads • 

12. Kachlno center out of knurled end* 

13. File 1/16'' crown on knurled end. . 

1^. Layout. 1/8^' diameter hole at knurled end* 

15* Drill 1/8" diameter hole. 

l6* Break all sharp edges and polish. 

17* Inspect aa per drawing. 

GUIDE 6 REQ'D 

1. Select stock as specif led* 

2. Cut to length on power hacksaw. 
3# Face end square. , 

k. Drill hole "A" as per chart x 3 A" deep. 
5# Turn 1.000" diameter. 

6. Turn .fil2" diameter. 

7. Cut off to 5/8" long, 

8. Face end square. 

9. Break all sharp edges. 

10* File or machine 1/^" flat on side. 

11. Polish all over. 

12. Inspect as per drawing. 
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TTTLK: 
UNIT: 

OCCUPATION! 
OB JECTIVIi: : 



JOB S'rIISET 



I>«ACilT^:!3T'S JACK SCRl^W 
I ATM"-; WOVK 
rAC'TTVTST 



BEST COPY 



To r^crrtiop skJlls In ;!trfl1t;ht turning, shoulder 
cutt'.f.c:. Tccsi- r-r.ttlng and Internal and 
external tbr'^adl n>^. 



IKFOR?*ATrON: A r^-xchln 1 ' s .Ifick Is ufsed In order to have 

vrork levftl^ It Is soTi^tlreCfi necessary to use 
a jack to support, at some point of the work. 



SPECIPICATT0M3: 



^ACHIKIST'S JACK SCREW 



KATEHTAL: Ba.«^ Gold '-^ollod St'-<=>1 1" Hex xl 1/8" lorn?. 

Slfcvf^ Coi'l Ro]T.-d Steel 7/^" Hex x l^f^'lottg. 
?.or-v.- Col.'! •tolled stftf'l Hex x 2 il/l6" Xonc;. 

Stv'U.-<-1 Co1« Rolled Steel 13/16" dlair.eter r 2" lor^j. 

TOOrS A::D '^iQ'JTFyrf-.-': ro'.-:oT hncksav.', layout dye, facinp; 

tool, f.oo! holdf:r. 3->1?iw chuck, center drill, 
firm chuc'-c, bor<-'lnfc Mr, 3/ij-.l6-''? tat), 
;;>n,/(Vi<. ,»rUl ^//''o-iii-KC tap, radius forra tool, 
forr" tool drill r'.nd hand hacksaw. 



PROCEOr'i:^; 



BASE 



Cvit to I'^rrth with povr*r hackeavr, 
KouitI w-jI")' in 3-.y'-' cliuck. 



■•• .- 



erJc 



BtSl COPY AVA1LABI£ 

10. S^t Inth** for prnoftr snfied and feed for thraaftlng. 

lie Set. coirT)o\ind r^^st for intftrnal threading. 
12 p Cut lt)t<*rr.al thread. 

Ko^fM Arisov? .005»^-.0ir/» stock for tap to removd^ . 

Not'': Uso plenty of cutting oil, 

13. Finish thr^<>d with 3A-I6-NF tap. 

Nott**: Tap on lathe. v/lth center mounted In 

t,<illstock inserted Into center of tap. 

1'^. Chft'^!^<*r corners? of hexi 

15. ChPt^far er/'n of threads. 

16. Insr^<*ct per dra^lnc;. 

PROCKDURE: / 

SLEET/S 

• 1. Sctl<^ct stock as spf'Clfled. 
- / 2. Cut to lenc;th with po^er hacksaw, 
3. *'ount v:ork in 3-*Jnw chuclc. 
k. * ?ac^ r:nd of stock. 

5. Roup.h turn dlajnet^rv to be threaded. 

6. Pnc^ ^-holf^t^r erid cut hhr^^ad In^^ recess pis per 

7. C-^ytr-r-iri /! f:nd oT stock. 

P. Drf?l rtrill n:^ per drawing;. 

".-V! ^..nn ^i.s per dr^nwln^:; to a drntJi 
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BEST COPY AVA(LflBlE 



^ 13. Chr^mfor outside corners of hex section find end 
of thrcjad* 

1^* Place work In b«nch 7lse and finish tapping by 
hand. 

Note: Use plenty of cutting oil* 

15. Screw f^lfteve Into bfise with shoulser of alee\*^« 
ac^ainl.^t hop of base^ Place work In lathe 

chuck f;rjpplng on base* 

16^ Tnce end and rough face shoulder* 

17. Finish face i.ihoulder, using tool ground to torn 
fillet. File corner. 

18. Chamfer outside corners of hex* 

19. Chamfer end of threads ♦ 
20^ Inspect as pc^r drawing. 

PROCEDUfiH : 

1. vS^^lect stock as specified. 

2. Cut to J ength th power hacksaw. 

3. ^"ount vrork In J-^i^yr chuck. 

end of ?tonkc 
5, 5'f -^v^-^Wt- j-j^-cck In chuck. 
6t VV.O'-^ encj of «tock to lonpth. 
?. RMii-^h tV'Tn dlf',n^'^ter to be threaded. 

F^^o** !:ho-3l:if?r nod cot threading receos as por 

^•^r F'in^nh niTp.tip:-; to be thr'^aded. 

"'^--r. cy^-'.-n^:- ."0 5** unclerrlze to Insure 

*v-> ^^-on.-*r f^^r^d nnd ff^f^d to ct^t 



BEST m avmUbU 

H. Scr^w thf» rinlshf^d thrr^ad into sleeve with 
shouTder of scr^^vr t^^3;ainlst ton of sleeve. 

, Scrrtw sle^^ve Into Bane and olace In 3^ Jaw chudt 

RoiJiih turn dlatr.fttfer of ball* >, 

13. Hwvn fillet next to hex section using a forming- 
tool • 

1^1. Face shoulder and form fillet In one operat'iorv 

urln;:? forming tool. 

15» Finish turn ball, usln? forming tools* 
16. Insof-ct as oer dr??,wing, 
PROCBCURB: 

SVIVEL 

I. Si*lf^ct r;tock as specified* 

2. Cut to length v?ith power hacksaw. 

3. Kount in 3-'Jaw chuck* 

5. Pou-;:;h turn diair.eter. 

6. C^nff-r drill and drill 9/32"- 3/l6" deep* 

7. Finish tur»n dlar,>(?>ter. 

B. F«c-* s^h'-^uTdrr forn fillet* 

Q. R^idlus end as ner drawing with 8" nilll saiooth 
file. 

10. C;?t cff to length an per dn^uing, allow 1/32 

nt.vock to Taca 

11. '^.^u^it \ri '-^.-.V^vr onuck. 

1 ?^ • T' ' ' o t: o * - t ^ ' > ^^a- t h . 

"•"U >*Vt/r ^ • ^'"j hftcUf^o.vr as per drauln/?. 



'JOB SHEET 




f layout and all phases of machine 
arts; . ' 

iaybiit purpose vdth a 



:PartN6. 3 

^axi NO i 4 

Part NO; 5 

part No., 6 

Part No» 7 

Part R^. 8 

Pax-t No, 9 



Part InJo. 10 
fooiiS 'mo r^Quip.Mb:j-?r 



URFACP GAGE 
3V' diameter x 3" long C. R. S. 
iV' diameter x 2" long C. R. 
5/16" Diametea: x Id's" long Drill Itod 
5/8" dianeter x 2Jj" long C. R. S. 
3/16" diateter x 1" long. C. R. S. 
■'/8" diameter x 2" long. C. Ri S. 
hi" di-eiTieter x IH" long. C. R. S. 
7/16" diaitster x Ih" long C. R. S. 
7/16" X 7/16" X 1" C. R. S. 
3/8"' diatieter x long Drill Itod 



1. r 



ERIC 



3. Face end scjuare. g^jj QQPY RVWIRBIE 

4. Drill arrf Ream all holes 

5. l-techine as per drawing • 

6. Cut to length. 

7. Cut recess in base. 

8. Drill i.!ole for spindle key ^ 

9. Drill and tap 10-24-NC hole. 

10. Inspect as per drawing. 

1. Sleet stc>^ as specified. 

2. Cut to length on pcxv-er hacksaw. 

3. Face ei-^d and center drill. 

4. Rough turn all diameters, 

5. FiniCjh tnm all dianvetajrs . 

6. Kn\irl l:-»vge diainetjer. 

7. Drill ho^o to be taped and start tap in lathe. 
K^TTE: Use plenty of oil. 

8. Chamfer end of thread ♦ 

9. Fna^ shoulry'^r tc length. 

"* • 

10. Ch<-ck fcv fit cf 3/4" djsi-nater iji tjO reainsd hole of 

11. i -ux Ic- u;^-' -y,: rcviss on s^vall diarater. 

12. r'-^"- '-.vh >;■: . of.^ lool. 
1.^. ; . ••••-1. 

] 5. • ^ -• 
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1. Select stock as specified* 

2. Cut to length on pov/ca: hacksaw. 

3. ^tount work iii crollcict and face end square and to length* 

4. Machine 5/16'-24-t>JF tlireads and chairfer. 

5. Polish all over. 

6. Mill keysp.at as per drawing. 

7. Inspactas per dravang. 
TKlE-13 SCRBiT 

1. Select stoclc as specified. 

2. Cut to langth on pc^wer hacksaw. 

3. Face end square and center drill. 

4. Use lathe center oh tail stock. 

5. R>ugh turn Icurge dianvster. 

6. JRough turn CTall diai^ter. 

7. Fini5;h turn Icirge dziirneber. 

8. Knurl large diameter. 

9. Use form tool ftnd rrachine rcidius, 

10. Finish turn tzxall dianeter and face shou].der to length. 

11. Ilschine tlireads on ]at±ie. 

12. 'i^'^r.r: uilct ix.::tion o^-* ond of threaded end, allc^'ing 

for vyCi'C\'ivt'< Cf,:?rcr r.oie. 

13. 3nv O'.v (with a huc;:-'';) appro-'dnv.tely 7/32" of pi3ot 



spitDLE KEY C0P1 RV!\UABl£ 

1. Select stock as specified. 

2. Cut to length on pcwer hacksaw. 

3. File angles eind flats on stock as per drawing. 

4. Place key in base and check for sliding fit in keyway 
of spindle. 

5. File aixi polish top of key fliash with base. 

6. Inspect as per drawing. 

CLRMP NOT 

1. Select stock as specified. 

2. Cut to length on power hacksaw. 

3. Face end square. 

4. Center drill, drill and tap^lO;;^2j4^NC hDle. 
5 . Rough t^xm large diameter 

6. Rough turn sinall diameter. 

7. Finish turn large dianieter. 

8. Knurl large diameter. 

9. Fimsh txxcn snail diaineter using form tX)ol. 

10. Face slioulder. 

11. Cut to length. 

V/yjl:::, l^:xvci c^jsirp nut unfinished for the present and 
m^e c3rirnp scre^? ard use it as a stub arbor 
to face end of cJ.anp n\it* 



6. Oiamfer thread. 

7. Cut to leiigtli and face end square. , 

8. Place clarrp screw in cx)llect with threads projecting 
3/8", screw clanp nut on threads and face end 
square. 

NOIE: Do not drill #30 hole. 

9. Inspect as per drawing. 

NEEDLE SLEEVE 

1. Select stcxdc as specified. 

2. Cut to length on po-^ver hacksaw. 

3. Face end square, centerdrill and drill witli 3/16" 
drill V' deep. 

4. Tuni diameter to 3/8". 

5. Cut to length and face end square. 

6. Layout cind center punch hole to be drilled through 
diatneter. 

7. Place needle sleeve a:id clanp screv; together in 
correct position* 

8. Transfer to drill press and drill holes as per drawing. 

9. Rarave all bur is. 

10. Inspect as per drawing* 

1. Select stock as specified, 

2. C^:t to lor-^ftn on po^v-^r hacteaw, 

3* Square vnCis ^v^l ra.'Jii.'iv.' to Iciigtli, 
4. Wr-hiiiC or :/*lr: rrifiius. 



6. Ream 19/64'' hole to 5/16" ' 

1. Place in mill vise and saw 1/32" slot* 

8, Inspect as per drawing* 

NEEDLE 

1. Select stock cis specified • 

2. Cat to length on pc^«u: hacksaw. 

3. Qrixid ends to point as per drawing. 

4. Bend hook end cis per drawing, 

5. Harden and draw ten^^er. 

6. Polish all over. 

7. Inspefct as per drav'/ing. 
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JOB SHEET 



TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

INPORFATIOK 



BEST COPY mU^^ 



TO FAKE A MACHINIST VISE 
MILLING MACHINE AND LATHE 
KACHIKIST 



To develop skills In layout and all phases of 
machine operations and assembly of parts to 
a close tolerance. 

Thft machinist vlsft is a very useful tool In 
holding small parts to be machined or ground cn 
the surface grinder and for bench work* 



3PBCEPICATI0US: 

KACHINISTS VISE 

MATERIAL: Cold Rolled Steel 

Body - 1 3A" X li" X long. 

Jaw ^ 1 3 A" X 1 3/16" X 7/8" 

Screw - 7/B" diameter x 5^" long* 

Guide plate - 1/8" x V x 1" long. 

Hand wh^el - 2" diameter x 2^" long. 

T0CL5 AND EQllI?^T^T: layout dye, \rernler height gage, 
approroiate milling cutters, drills and taus, 
milling machl nr^, scribr>» herrri%phrodite callp?;rs, 
oombin^itivon ?;quare, enf^lne iGrhe, facing tool, 
right hand turning tool, knurling tool, threading 
tool, center gag^, Indt^x head, and shaper. 

BODY 

3* 3r/:'ir-- :rc\ 1^: f.h' vn-^ r ichliie- to d! , la-nsi onij 



5. :-^c^Mr(- o:)^»rilnf: .Pl2*» d«ep x 1 3/l6" long. 

6. -aohl^ie r«*ceGSfts vrith l/l6" ball end mill* 

7. ^*MchVnr* ^ »' nnd trrooves in bottorr. of vise as 

^. riac^ v/orlc \u vise on mill with hole to be 
drilled an. 

^'ot'*: Chrc.'K for squnrnoss with sqnire. 

9. Find cen^^r of hole to be drilled with a wl^gler. 

10. Centerdrin and drill hole and top 3/^-l6--KC. 
Not<*: Start tap in n;achln^» to insure squarne.^s. 

11. Vachlne an^ile x ^5 degree on back of vise. 

12. yachlne angle on solid ;1aw of vise. 

13. ^rf^ak all ^harp edges. 
V^. ^nf^'onct as pf*r drawing. 

15. Case harden and draw teiriper. 
1^^. Grind all over» 

JAW 

1. Sel(^ct stools as snecifled* 

2. Cut to l^^n^rth on nourr hacksnv/. 

3. Sq)2ar(^ work in 5:har**r and n^acihlne to dlici^nslons 
p»s DM** drawing. 

^» Layout a.s per drawing. 

5, C'^!':^'•r' dri*'! , drill and tap holes In 

6. Dr'i 1 I 5/^^'"'' dlu:etf*r Ijoie 3n Vack of Ja'w, 
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9. nronk ^harp edges. BEST COPY RVMlABlE 

10. Inspect as per clrawlnc?. 

11. Casfthardcn and draw temper. 

12. Grind all over to fit body* 

SCREW 

1. Select stock as specified. 

2. Cut to len^^th on- power hacksaw! 

3. Face both end square and center drill, 

Not^: Leave 3/^" on each end to remove centerdrlll* 

4. Turn threaded diameter to •370*' x h 1/8" long* 

5. Turn large dlair.eter to ?=5^'^V^'^=^^^=^"^'^^ 

6. Turn Rir.all diameter to .^80". 
?• Kedlum knurl large diameter. 

B. Chase threads on lathe >3/P'-l6-KC. 
Note: Use olenty of oil. 

9. Machine end of threads to .312" to fit movable 
Jaw. 

10. Rtmova^ ceint«^r drill and machine 59 degree angle 
cn end of porew. 

11. Remove* center drill liom .^80" diameter end. 

12. yount work in lnt!:^x hcsad and machine .375" 
souaro on ^-nd of 5jcre;w. 

IjJ. Pr^^na all r^harp ^^^l/>:es and chararhi^r threads, 

Vk Tnr.^vu:t as r-:r clr.AVJlng. 

1 '^^ ; ^^(^ ••.rri''^ ciVi w if.sj^ncr. 

1 . ' ^\': " . 

r ' V » . • . i t - > 
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3. .Sonar'* <**n'r> ansl '^^achlne* as per drawing* 
L^yc-?t* hoi AS -^v per drawl tig. 



BEST COPY IWSV.l\ABl£ 



6. rV'^nk all share f^rlf^^s,, 

7. Irlnd two sld^s, 

ha:>d wheel 

!• f'^-^l^^ct f^tock r:5; specified, 

2. Cut to '*np;th v;n oov:er hacksaw, 

ij. Trrn .^r.^;! dln>'ot-r to 1.000 x •375"t 



/8" 



6» r-^rV^^r^ k:;\;rl on l^^r^^e^ dlan:etter. 

IC . :v;/r:lr:^ ^.:0 d<^irro(? r:ni3;le on inside of hand 

"1.1. -c-xr/\ :--cM'.rf^ hole on hand arbor pr(?sSt 

Not«: oil check for squarneas. 



BEST COPY AVA!UBl£ 
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TTTI.K: 

OrwRGTIVj:: 



BEST W RVMIABIE 



* .to? HHEr?T 

TO rAK-: A 5" BAR 

TAT^^-^, KirLi::n tachime akd grihd2R 

'?o 'i-^vf*lono j^kill:; and sequence on machining 
^]i*'rrt^r^'^l^ v.-h'-n sr-v^^rril machines are used and 
r^rf^.-> 5 r;lon ir> of th^ mnln Importance, 

^"'.r- sVi^ b;?.r isfitn in;?trutrr*nt cf precision unerl 
'-^v t^'^n hool rrtlccT In Invln?: out, settin5» tefttSK 
ar-i otr-x^T^wl St* nf*n1 \n«; with angular work which 
r^'^'j 1 H clor?f* rlecrree of acc'^rQcy in Its 
n U '^Mr. jon.n. It conslf^ts of a bar of r>t$^el with 

v-^Vj'.-^r? or 1o'>5S of eq>}a1 dlnr^eter secured 
r^-^ar t^*- or'l*. of thr bar nnd hnvlnp; their 
(N..vvt»^>* Mnf fxpotly parallf^T with the eripe^ 
of t)^r r^ynf^ br»r. ^ 



9* SINE BAR 
^nVI no*ne:=l 5:;e^l l^'xl 1/^^" x 6 long 

* ' "r? : Fr^'^^^r haoki"^/iv;^ layout f 1 uld ,co!riMnatlon 
J - — -, l^tf^vel -n-rvl-.^'-^-^.l-or ♦ rill fsn^ooth file, 

LuVn v**.o):r!tor bore, 5/^6", 

- : ?'*'!^" flrl"?!. ''o* xirill, st.^el ruls, 
- >o-*-.'^v. tan, 'o, ?/; rTrlll, ve'mier 
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6. Layout six rellff holert. ^^$1 COP^ ^^^^^^^^ 

7. ^'fichlne to layout lln^s. 

Kotf^: Leave .025»» for grind all over. 
R. Drill hole? as p^v drawing. 

9. Counter sink both sides. 

10, Drill and ta^ two holes for P-32-NC. screws, 
n. Co!vnl(*tf* layout,. 

12. Drill two 1/^" diameter relief holes. 

13. Machine to layout lines. ^ 

Note: Leave grind ."^t.ock. 

IH. Set UT) stock In mill and drill. l66 and counter 
bore for 8-3?-NC screws. 

15. Harden and temper. 

16^ Grind all over as per drawing. 

17. Break all sharp edges. 

1^. Insoect as per drawing. 

ROLI.KR 

1. St^l^Gt Stock as specified. 

2. cat to length with poorer hacksaw. 

^. ^•o)5nt work In 3-iaw chuck or colT^^'^-t on lathe* 

Face et\v\s squar^^ nnd centerdrlll. 

5. Fo-nt work betwr^on cent-r;rs» 

6. layout as p*^^' dra\MnK. 

?, {urr -.o : ^-in^- ions b^for<? heot treat. 



BEST COPY m\mi5. 

IK Hnrnen and temper., 

12. Clean scale and dirt out of center holes. 

i'^. -'Inrf* work b'^tK^^cn centers on clyndrlcal grlndr. 

Cl-nn up on grinder. . 

j'ote: Check fbr taper. 
1 Grind to finished diirenslons, 

16. yount work In V-B^ock on surface grinder. 

17. Cut Into and ends off with out off wheel. 
IB. Surface sjrlnd ends as per drawing, 

Kot^: Hold work In V-block for squarness. 
1%. Pr'-^oV. all nharn edcres, 
In^noct as per drawing, 

EKD PLATE 

1. S'^lf^rt stock as specified. 

Cut to leinf?:th vrlth power hacksaw* 

"^^itjorf* end and side In ttiHI, 

Jrivojit. as per dravrlnp;, 
r;^ drill ?^nd drill two holes ,166 dJaweter. 

'-'^r'-M ^^'^ to dlrf*nsionSa 

'-^^^v rri>v<^ grind stock. 
'\ *• ,fij"r^ t'tvrer* 
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JOB StIEET 

TITLE: TO MAKE A H3WD VISE 

UNIT: MILLING maD3^: AND lATIIE WDRK 

OCCUPATia^ : f^CHINIST 

OBJECTIVE; fl*=>\'elop skills in Ia\xxat arrl all phases of nachine 

operations and aspenfcly of parts to a close tolerance. 

INH)PMATIC»I: l^oe hand vise is a '^ary useful txxDl in holding snail 
parts for hand vork at the bench. 

SPBCIFTCA.TIONS; 

HM© VISE 

^^ATERIAL: HANDLE: V>C diameter x 5" long aluminium. 

SGREJ-?: V diameter x 4" long C.R.S, 

SC3^ SLEEVE 5/8" diaineber x 5/8" long C.R. S. 

LEADER PIN 3/8" dianeter x 2 15/16" long C.R.S. 

HANDLE: Sg" diameter x long C. R. S. 

BALLS: -3/8" diaitieter x l^s" long. C. R. S. 

CENTER POST'J 3/4" X Jj" x 3V' C, R. S. 

5/8" X l»i" X 4 7/8" C. R, S. 

1Ty">'"S AND B3UIF.Vj?jT: Layoiit" rlye, Engine latj:^e, 3~Ja-w chuck, 

Apprx::prlatje lathe tools, appropriate drills, rearnars 
and taps, 4-Jaw cliuck. Milling macliine, Rotary table, 
appropriate nu.ll cutters. 

TO m DE'-TEiXPro EY SUID'ilTr 
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JOB SHEET 



TITLE: 
UNIT: 

OCCUPATION: 
OBJECTIVE: 

INFORMATION : 



TO rAKE AX' AHBOH PRESS 



f'-ACHINTST 

To develop skills in precision layout and 
luachtnln'^; oparatinns and machining of rack and 
pinion gears. 

Arbor presses are mainly used for pressing 
parts toffcther and for broaching a square or 
rectangular hole.' 



REFERENCE: 
SPECIFICATIONS! 



ARBOR PRESS 



I'ATSRTAL: Cold Rolled Steel 

Table diaireter x 5/8" long 
Cover Plate: V' x 1" x 2 1/0" long 
Table Pin : 5/16" diaireter x 1 .1/8" long. 
Slfteve: lij" diairster x 2" long 
Pinion Gear., i!^" diariwter x 2 3/4" long 
Geai Shaft Screx. 3/4" diainet^jr x l^s" long 
Pack Pad : 7/8" dian^.tei. Ik" long 
Handle : 3/8" dia;n.3ter x 5-i" long 
Handle Ball: 5/8" diainpjber x Ih" long. 
Rflck Gear : 5/8" x h" x 5" lono. 
Col'u'.m 1 1/'^" X 3 3/B" X 6 1/8" 
Base : r X Sr x ]" 

TOOLS AND EQUIPrSIJT: 

TO bl: D3^:r<:-iiiED ey studeis't 



PIOCEC-TJRES; 
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